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way of arguing which the nature of things admits of, and 
may be looked upon as ſo much the ſtronger by how much 
( the induction is more general; and if no exception occur 
front phenomena, the concluſion may Be "pronounced gene- 
rally; but if at any time afterwards any exception ſhall 


occur from experiments, it ay then begin to be protounced 
« with ſuch exceptions as occur.” | 


Tuis is the general doctrine which be lays down as applicable 
in all etperimental enquiries; and fo far wit He from confider- 
ing tlie. particular Eaſe abbve\mentiohed a3 an extEpBibri to this 
general rule, that from ſome expreſſions he makes uſe of, it 
evidently appears, that he was not without ſuſpicion, of what 
has ſince been diſcovered to be the truth. una) 

In his fixth letter to Mr Senn. dated from Cam- 
bridge in the year 1662, he expreſſeth himſelf in the following 
words: * Mr Hook thinks himſelf .coprerned to, repr 
me for laying" afide che "thoughts' of im proving optics by ret 
fraction. What L' faid there Was ift detect of teleſcopes of 
the ordinary con conſtruction, fignifying that their "improvement. 
ie ndr (be Etpectecr front the WHY" ALurthF of plalſes, as op- 
<: ticians have imägined. Büt f ddpaire not of their 1 im- 

* provement by other conftruttiohs, , which 3 me cee 
e inſert nothing tliat might” intitate the co ntrary. For al r al- 
thbugh ſucceſſive refractions which are a made the 5 
* way, do neceſſarily more and more augment the errors of 
<,the firſt refraction; yet it feettied'tior” impettible © for contrary . 
© refractions To to correct each others unequalities, as to make 
their difference regular; and "If that could be conveniently 
effected, there would" be tio farther” difficulty.” Now to. this 
end Lexamined what may be done, not "only by Falles Alone, 
but more eſpecially by a "c6mplicarioti, of diverſe” ſucceſſive 

„ mediums ; as by two | or more glaſſes or cryſtals, with water, | 
4 or ſome other fluid, between them; all Which together may. 
* Many nag the office of one üs Upechaly of the object glals, 
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on hoſe conſtruction the perfection of the inſtrument 
chiefly depends. But what the reſults in theory or by trials! 
have been, I may Ne find a more hy 6 to de- 
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Ix the vent 17577, the late Mr Joann. Dortonsp, in conſe- 
quence of ſome ſtrictures on Sir Is AAC Newron from abroad, 
repeated the noted experiment of refracting a ray of light 
through priſms of glaſs:and water, placed with their refracting 
angles in oppoſite directions, and ſo proportioned to each other, 
that the ray, after theſe oppoſite refractions, emerged parallel to 


the incident ray. According to the Newtonian doctrine, there 
ought here to have been no divergency of the heterogeneal rays, 
and no colour produced by theſe equal and oppaſite refractions. 


Bur this was not the reſult bf che experiment. The ray was 


coloured very ſenſibly; and the author of the experiment ſind- 


ing that he could, by theſe: oppokite re fractions, produce colour, 
notwithſtanding the paralleliſm uf the incident and emergent 
light, with reaſon conchaded that he might, by properly pro- 


portioning the refracting angles of his priſms; effect an inclina- 


tion of the refracted to the incident light, without any colour 


or diyergency. The event turned out as he expected. 
Pos nid his experiments farther, he diſcovered, ſome time 
afterwards, that a colourleſs refraction might be produced by 
a combination of different kinds of glaſs, as well as hy a com- 
bination of glaſs and water, which ſeemed to remove complete- 


ly the great obſtacle to the — Ye Fs 
diſcovered: hy Sir Is AAC NewToN:;.: inter 


* 


As it was found ſoon. afterwards, . l im- 
perfection which limits the | performance of teleſcopes, namely, 


che aberration ariſing from the ſpherical figures of lenſes; might 


be corrected by properly proportioning to each other the ſphe- 
ricities of the convex and concave lenſes, of Which the com- 


pound object glaſs, is compoſed ;; it was expected by men of 
ſcience, chat an increaſe of the aperture and power of the in- 
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ſtrument, would be hs neceſſary conſequence of ſuch ren 
ſteps, towards the perfection of its theory. Theſe dee 
have not hitherto been fully anſwered. 

Ir the theory of the achromaric teleſcope is ſo compiine as it _ 
has been repreſented, may it not reaſonably be demanded, 
whence it proceeds, that'Huctnivs and others could execute 
teleſcopes with ſingle object glaſſes eight inches and upwards in 
diameter, while a compound object glaſs of half theſe dimen- 
fions, is hardly to be met with * or how it can ariſe from any 
defect in the execution, that reflectors ean be made ſo much 
ſhorter than achromatic refractors of equal apertures, when it 
is well known that the latter are much leſs affected by any im- 
perfections in the execution of che lenſes compoſing the object 
glaſs, than reflectors are en d in the n. * | 
great ſpeculum ? 1 Hang 

Tux general anſwer ads by artiſts W e of alis kind; 
is, that the fault hes in the imperfection of glaſs, and particu- 
larly in that kind of glaſs of which the concave n _ 
compound object glaſs is formed, called flint-glaſs. 


IT was in order to fatisfy myſelf concerning the n * 


this difficulty, and to attempt to remove it, that I engaged in 
the following courſe of experiments. The reſult of this inve- 
ſtigation I now do n the ad 5 ee t 


ane * A en 1 7 n £ 
Taz imperfe@ions of glaſs bir pte nate hs 1 
from its want of perfect tranſparency, and from being more or 
leſs affected with a tinge of ſome particular colour, but princi- 
pally from irregularities which are frequently found in its re- 
fractive denſity. This laſt imperfection is ſo conſtant an at- 
tendant upon flint-glaſs, and every other kind of glaſs which 
poſſeſſes the diſperſive quality in a conſiderable degree, that it 
has been ſuſpected, not without appearance of reaſon, to ariſe 
neceſſarily from that ingredient in its compoſition” on Which 
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chis quality depends. It is certain that great labour and ex- 
peice have- ben ien, on po tors ner defired 
effect. bas 1 of bibel a. 
Swen W it is not icapellibieesnwotuce 
— —— — im the 
compound achromatie object glaſs, I was deſirous of ſearching 
whether nature afforded JON hb ge ow 
_ hries.. 
85 A rds the pie: i das, en 
Ntwron not only ſuſpected that optical inſtruments might 
admit of improvement by a combination of ſolid and fluid me- 
diums, but had actually made experiments on the ſubject, and 
E e e eee. e 2p arent 
ments to their greateſt perfection. | | 
Der Davip Guroorr,” Savilian profeſſor Ne 2 at 
Oxford, entertained fimilar ideas on this ſubject, as appears 
from his treatiſe, entitled, © Catoptriem et Dioptrĩeæ Sphæricæ 
% Eletmefita“ In this work, which was publiſhed at Edinburgh 
in the year 1713, he treats of optical inſtruments, both by re- 
fraction and reflection; and, after ſhewing the advantages of 
the latter in theory, concludes his treatiſe with the following 
words: Quod fi ob difficultates phyſicas, in ſpeculis idoneis 
* torno elaborandis et polientlis, etianum lentibus uti opor- 
teat, fortaſſis media diverſæ denſitatis ad lentem objectivam 
* componendam adhibere utile foret,” ut a natura factum ob- 
ſervemus in oculi fabrica, ubi chriſtallinus humor (fere ejuſ- 
dem cum vitro virtutis ad radios lucis refringendos) aqueo et 
vitreo (aquæ, quoad refractionem, haud abſimilibus) conjun- 
gitur, ad imaginem quam diſtinctè fieri potuit, à natura ni- 
gil fruſtra molienti, in oculi fundo depingendam: ſed et 
«© alii ſunt in ese ban er mg ee uns 
_ fant hujus loci.” 9218.0 "3.4043 ua 30 3843 
Tuis coincidence of opinion of hehe — opticians reſpect- 
ing the ultimate perfection attainable by the teleſcope, deſerves 
h ; to 
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to be remarketl. Various attempts of this kind have been made 
by later philoſophers and artiſts. Indeed, the ſtructure of the | 
eye, compoſed of ſolids and fluids variouſly combined, ſeems, 
to preſent ſo obvious and inſtructiye a pattern for imitation, 
that it is no wonder if the expectations entertained of the pro- _ 
ductions of art, roſe in proportion as they could ber made to 
approach the conſtruction of this exquiſme model of e 
workmanſhip. 

Mr Doryond's firſt experitpents' went no farther. than, to 
prove to him, that glaſs. diſperſes the hetexogeneal rays of 
light more than water, when the refraction of che mean; xe- 
frangible ray is equal in both mediums. With theſe ſcanty 
data, this able artiſt 'zealouſly went to work to conſtruct tele - 
ſcopes on this new diſcovered principle. But on -this, occafion. 
his attempts were not attended with any degree of . fnccels. 
This need not much be wondered at. Beſides the difficulty he 
mentions, ariſing from the ſpherical aberration, (which, by the 
by, if he had conſidered: the matter more attentively, he would 
have ſeen to be eaſily ſurmountable) he would find between 
plate-glaſs and water, but an inconſiderable difference of diſ- 
perſive power; and if he made uſe of flint-glaſs he would haye. 
all thoſe difficulties to ſtruggle with, which his ſucceſſors have 
not been able to remove, though fully apprized of their cauſe. 
Tuts want of ſucceſs in his firſt trials with, fluids, and the 

diſcovery he ſoon after made of à difference in the diſperſive - 
power of different kinds of glaſs,' which he was more ſucceſs- 
ful in applying to the improvement of teleſcopes, ſeems to have 
put an end to all thoughts of the uſe of fluids, nor has any 
thing of that kind been ſince attempted, as far as I have been 
able to learn, ſome unſucceſoful trials excepted, to conſtruct 
thoſe ſmall perſpectives called opera glaſſes, on a plan fimilar to. 
that of Mr Dol Loxp, by including ſpirit of wine between 
two concave nen of ee the. fie. ſupplying m 
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place of _crown-glaſ, and the advantage propoſed being a _—_ 
of the light loſt by reflection. | 

| Tas experiments of Mr DoLLoND: Kae that che difper- 
five power of water is leſs, than that of the glaſs with which he 
made his experiments; and it ſeems wonderful that this ſhould 
have been almoſt. the only attempt made to inveſtigate this qua- 
lity in fluid mediums. We find many tables aſcertaining the 
mean refractive denſity of fluids, from experiments made both 
before the diſcovery of Dor lo and ſince. But though ſome 
of the fluids enamined were poſſeſſed of the diſperſive quality 
in à remarkable degree, this is paſſed over unobſerved; and it 
would ſeem unſuſpected, if we except the very ingenious con- 
jecture of Mr MicnzL; to whom it occurred, that the appa- 
rent difference in the experiment above mentioned, made by Sir 
Is A ac: NawrtToN,. from the ſame; experiment repeated by Mr 
DoLLOND,. might ariſe from the former uſing, inſtead of pure 
water; a ſolution; of | Saccharum Saturni, which he mentions 
his having ſometimes made uſe of to. increaſe the refraQtion. 
Mr Michl ſuſpected that lead, even in this form, might 
increaſe the diflipative refraction, as it does in the compoſition 
of glaſs The reſult of his experiments on this. ſubject may 
be ſeen in the additions to Dr ParesTiLEx's Optics, at the end 
of the ſecond volume. | | \ lp 


15. 8 


of the nels e for invefigating the Fe 255 ties 1 
different mediums. | N 
In aſcertaining the mean refrative 8 dilperfive qualities 

of Ride, made uſe of two kinds of apparatus. Where the 

properties of the fluids were | entirely unknown; priſms were 
employed to come to a groſs knowledge of their properties, and 
thoſe fluids which promiſed to be of uſe in the practical part of 
optics, were more critically examined by means of lenſes, where 
„ 8 oy 


the 
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the effect, from being mann een more | conſpicy- 


ous. 

Tux priſinatic apparatus conf of a Lal prifin of bras, 
whoſe three angles are equal. Through this priſm, and paral-. 
lel with one of its ſides, are bored two holes at a ſmall diſtance 
from each other, equal in ſize to the pupil of the eye. The 
ſides of the priſm are ground flat, and there are two bits of 
glaſs with parallel ſides, of the ſame dimenſions as the ſides of 
the priſm. There are alſo priſms' of the ſame: ſize, and with 
the ſame angles of different kinds of glaſs, and ſome crown- 
glaſs priſms, with ſmaller angles, which, by being applied to 
the large priſm, or to ench _ 10 the e 
kane 25 , 

WHEN it is ropeled to try to ents f bias fluid, one 
of the ſmall plates of glaſs is applied over the holes on the fide 
of the braſs priſm. A few drops of the fluid are chen dropped 
into the hole; and when it is full, che other plate is laid over 
the holes upon the oppoſite fide, and the whole is fecured by 
tying a bit of pack thread round the ends. One of the glaſs 
priſms is now to be applied to che braſs: priſm, bontiguous with 
one of the parallel plates, the refracting angles of the two pxiſins 
being placed in W eee ſo as win «ual * 
lelepiped. | 

NoTHiNnG farther is neceſſary than to ae — eye to 5 
hole which contains the fluid, in ſuch a way as to obſerve 
through ir any bright well defined object. The bars of the 
window anſwer the purpoſe very well in the day-time, and the 
moon, or a candle in the night. The intention of the two holes 
is for the ſake: of greater expedition. The properties of two 
fluids may thus be examined and compared at the fame time 
As the priſmatic portion of fluid and the glaſs priſm ha ve 
equal refracting angles, and refract in oppoſition to each other, 
it will eaſily be underſtood, that if the object ſeen through the 
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dero prifeas coincides/-wwith, che: fame object ſeen. directly, he 


mean refractive denſity of both mediums will be the ſame. 
When this is the caſe, if the object ſeen through theſe priſms 
appears free from priſmatic colour, the diſperſive power of the 
fluid medium is alſo the ſame with the diſperſiye power of the 
glaſs priſm. But other wiſe they wall, be different.. 
© DTwosz methums; it is to be obſerved, are ſaid to have the 
ſame mean refractive denſity, which, under equal obliquities of 
incidence, equally refract the mean refrangible rays, and two 
mediums are ſaid to have the ſame diſperſive power, which: pro- 
duce an equal inclination of rays of the ſame colour, to the 
mean refrangible ray, when the n. een us 
refrongible ray is equal in both. ob | 
Wu an object, ſeen through th un Wien 65 24G arid | 
fluid, appears coloured, one of the ſmaller glaſs: wedges: is to 
be applied and ſhifted till the object appears colourleſs. It is 
_ eaſy to diſtinguiſh, by the order in which the priſmatic colour 
lies, whether the ſmall priſm is to be applied in ſuch a way as 
to increaſe the diſperſion of the rays\oecagoned hy the fluid, ſo 
as to enable it to counterbalance that of the glaſo ; ar; whether 
the refracting angle of the glaſa priſm requires to he enlarged, 
to enable it to counteract the diſperſion occaſioned by the fluid 
By proceeding in this way to ſhift the angles of the priſms, 
till, firſt, the direct and refracted images of an object coincide, 
without regarding the colour; and, next, till the refracted 
image appears colourleſs, Without regarding the coincidence; 
che ratio of the mean refractive and diſperſive powers of that 
End of fluid, and that kind of glaſe, with which the experi- 
ments are made, will be obtained, from ae of the priſms 
being given in both caſes, i e. 
I order to aſcertain ebe ef vi denſity of glaſa, 
or any other medium, that is to ſay, the general ratio of the 
_ of the angles of incidence to che ſines of the angles of re- 
4 fraction 5 
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fraction of the. mean refrangible ray, which-obtains in that me- 
dium, I took a direct method, ſimilar in principle to that em- 
ployed by Sir Isa AC Nxwrox, and deſcribed by him in the 
ſeventh propoſition of the firſt book of his Optics, and likewiſe 
in his Optical Lectures, p. 64. 3 but which I may venture to of 
will be found much caſter, and perfectly accurate. 

IN sT EAD of cauſimg the rays to paſs through the ſights of a 
large and accurate quadrant, at the diſtance of ten or twelve 
feet, as directed by Sir Is aac NzswTon; I employed SS: 
LEY's quadrant, in the following manner 

FIG. 1.— I repreſents the index-glaſs and H the . 
glaſs of a HapLey's quadrant. S I repreſents a ſolar ray, in- 
cident on the index-glaſs, thence reflected to the horizon-glaſs 
H, and from it to the eye at E. The line 8g repreſents another 
folar ray, incident on the priſm P, and through it refracted to 
the eye at E. When the priſm is turned ſlowy round its axis, 
till the ſpectrum G appears at its greateſt height, this is its pro- 
per poſition. The angle formed by the direct and refracted 
ray is then the leaſt poſſible, and the angles of incidence and 
emergence are equal. Let the priſm be ſecured in this poſition. 
fleted and refracted images of the ſun are made to coincide, 
the angle marked by tlie index of the quadrant, is the ſame 
which the incident ray 8g: forms with the refracted ray PE 
produced. For 8 Z H is the angular diſtance of the ſun and 
his doubly reflected image, marked by the index; and the an- 
gle sgG, which the ray incident on the priſm forms with the 
refracted ray produced, is equal to it j s g and 8 I being pare 

lel, and PZ and HE being enincidenn t. 

Taz manner in which the ratio of the fines. of the angles of 
incidence and refractiom may be computed from the above an- 
gle, and the refracting angle of the priſmm being given, ig fu 


ene in the * ach ve juſt been quoted. 
IT 
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Ir may be proper here to remark, that as it is the ratio of 
refraction of the mean refrangible ray which is wanted, the 
centre of the reflected image of the ſun ought to be made to 
coincide with the centre of the coloured ſpectrum, as repre- 
ſented in the figure; and if, inſtead of this, the coincidence 
is formed with the moſt or leaſt refrangible ray, or any of the 
intermediate Tays, it will be the ratio of refraction of theſe 
rays, and not of the mean refrangible ray, which will be found 
from the obſervation. Hence this method might be practiſed 
for determining the diſperfive power, as well as the mean re- 
fractive denſity of any tranſparent ſubftance, whether ſolid or 

fluid; but T have preferred a combination of priſms or lenſes, - 
PUT it is the relative ratios, more than che abſolute fn 
which are moſt e vc oo; e | 


* 


Experiments on 833 l, 


NE: EXAMINED, by the priſmatic apparatus which has been 5 
ferided, the optical properties of a great variety of fluid medi- 
ums. It will fuffice to mention the moſt remarkable of theſe. 
Many ſolutions of metals and ſemi-metals, in different forms, 
were ſubjected to trial, and theſe were always found to be more 
diſperſive than crown-glaſs, The ſolution of ſome ſalts in wa- 
ter, as for inſtance of crude ſal ammomacum, greatly increaſes 
Its diſperſive power. The marine acid diſperſes very conſider- 
ably, and this quality increaſes with ts ſtrength. Hence I 
found the moſt diſperſive fluids to be thoſe in which the marine 
acid and the metals are combined. The chemical preparation 
called cauſſicum antimonialt or butyrum antimonit, in its moſt con- 
centrated ſtate, when, it has juſt attracted ſufficient humidity 
to render it fluid, poſſeſſes the quality of diſperſing the rays in 
ſuch an aſtoniſhing degree, that three wedges of crown-glaſs are 


neceſſary to remove the — produced by one wedge of this 
W 
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ſubſtance, of an equal refracting angle, oppoſed. to them. The 
great quantity of the ſemi - metal retained in ſolution, and the 
highly concentrated ſtate of the marine acid, e to on the 
cauſe of this ſcarce credible effect. RT 

 CorRosive ſublimate mercury, added to ae of nr 
al ammoniacum in water, poſſeſſes the next place to the butter 
of antimony among the diſperſive fluids which I examined. 


It may be made of ſuch a degree of ſtrength, as to require a 
wedge of crown-glaſs, of double the refracting angle, to re- 


move the colour, which, a priſm of it produces. The mercury 
and marine acid contained in this ſolution, are manifeſtly the 
cauſe of its diſperſive power. For neither the water nor the 
volatile alkali, which are its other component parts, will be 
found capable, if tried ſeparately, of contributing towards this 
effect. 

THz eſſential oils were found to hold the next rank to me- 
tallic ſolutions, among fluids which poſſeſs the diſperſive qua- 
lity. The moſt diſperſive I found to be thoſe obtained from 
bituminous minerals, ſuch as the native petrolea, pit-coal and 
amber. When the refraction is without colour, the proportion 
of the refracting angle of a priſm of theſe, to the refracting an- 
gle of a priſm of crown-glaſs acting in oppoſition, is about 
two to three. The diſperſive power of the eſſential oil of ſaſſa- 
fras, is not much inferior to theſe. The eſſential oil of le- 
mons, when genuine, requires the refracting angles of the 
priſms neceſſary to produce a colourleſs refraction, to be as 
three to four. In oil of turpentine, chis proportion is as ſeven 
to fix ; and the eſſential oil of roſemary i 1s ſtill leſs diſperſive. 
Sour expreſſed oils which were examined, were found not 
to differ ſenſibly in diſperſive power from crown- glaſs, which 
was alſo the caſe with rectified Es and vich nitrous and * 


triolic æther. | | 
* 2 | N 
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A VARIETY, of other fluids were examined in the ſame way; 
but not having yet collected them into a table, I have only men- 
tioned, in general terms, the moſt remarkable. 

Ha vixe been thus ſucceſsful, beyond my hopes, in diſcover- 
ing fluids capable of removing the great imperfection of tele- 
ſcopes, ariſing from the different refrangibility of light, the 
next object was, to ſelect from this variety thoſe which ſeemed 
beſt, adapted to optical purpoſes. 

Tux can be no doubt chat Thad: mediums which moſt 

diſperſe the rays, are, ceteris, paribus, to be preferred. It will 
alſo. be; found, when the method of correcting thoſe errors, 
which ariſe from the ſpherical figures of lenſes, comes to be 
conſidered, that there is apparently an advantage in uſing a diſ- 
perſive medium, whoſe mean refractive en exceeds the mean 
refractive denſity. of .crown-glaſs,, .. - 
As the antimonial cauſtic poſſeſſes both theſe LEY in a 
degree far beyond what was to, be expected in any fluid, I in- 
cluded ſome of it between two double convex lenſes of crown- 
glaſs, whoſe radii of convexity were ag two to one. The leaſt 
convex. fades, of theſe were turned towards each other, and they 
were kept at a proper diſtance by means of a glaſs-ring. The 
cavity was then filled with the ſtrongeſt butter of antimony. 
Here it is evident that there is a concave lens of the diſperſive 
fluid, acting in oppoſition. to the two convex lenſes. of _crown- 
glaſs, and chat the proportion of the radii of. theſe is the ſame 
which was found by the priſms to correct the colour, namely, 
three wedges ak eee to one for the 1 of anti- 
mon y. 

Tunis Lese objet.glaſs 1 put into a tube, an che 
glas was applied, and, according to expectation, the colour 
was found to be removed. But I was ſurpriſed. to find, on di · 
recting the inſtrument to a planet, and uſing a deep eye: glaſa, 
| that this fluid, in its highly concentrated ſtate, was ſubject, like 

fligt- 
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flint-glafs, to great irregularities in its denfity, diſcoverable by 
ſtreams of light, like comet's tails, iſſuing in different directions 
from the diſc of Venus, which was the planet obſerved, By 
ſhaking the object- glafs, theſe might be, in a great meaſure, 
removed, but ſoon returned; and after ſtanding - all night, 
broad veins, in different parts of the included fluid, were . ; 
ceptible to the naked eye. 

IT was neceſlary on this account to reject very denſe fluids. 
The antimonial preparation I found might be reduced to-a fuf- 
ficient degree of fluidity, by mixing it with ſpirit of wine or 
vitriolic æther, into which a ſmall quantity of the marine acid 
had been previouſly dropped - This prevents any precipitation 
of the ſemi-· metal in the form of -a calx. In this diluted form, 
either this preparation ,. or the ſolution of corroſive fublimate 
mercury alone, in ſpirit of wine, or in water, with the addition 
of crude ſal ammomacum, may be employed' for producing 
refraction without colour, and without being ſubject to that 
irregularity of denſity to which flint-glaſs, and very denſe dif- 
perſive fluids, are ſubject. 

Bur as ſolutions of faline ſubſtances in this aluted Nate ds 
not differ materially in diſperſive power from the eſſential oils, 
cheſe two kinds of fluids may be uſed indifferently. 

" TarrE is, however, a particular-caſe, in which water or vi- 
triolic æther, impregnated with antimony. or mercury, will 
have the advantage, from being leſs denſe than eſſential oils ; 
and that is, where it is required to produce à ſingle refrac- 
tion, in which there ſhall be no difference of refrangibility of 
heterogeneal light. As this expreſſion may ſound ſtrange in the 
ears of opticians, I ſhall, before proceeding farther'\in the ap- 
plication of the experiments which 0 been en em 
what is meant by i it. | | 


wg | 
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Caſes of refradtion in ee rays ave leaf . had 

Tze cad rays-moft refrangible;z- or in which all the rays are equally 
' ef rangible ;| un in( which the red #ays: are refratted fromthe 10 
-iptutticulary and ide widlet 'rays towards the . 
bee eee van, fuer no das. 
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Arhas been tand bie peiſins . Fg 
oil-of turpentine refratt in oppoſition, the tranſmitted light is 
colourleſs, when che proportion of the refracting angles of theſe 
priſms is a ſeven to ſix. Hence, if oil of turpentine be in- 
cluded: between two double convex lenſes, the radii of -whoſe 
convexities àre as ſix to one, arid the deep ſides of tlieſec be 
placed inwards; ſo as to be in contact with the fluid; in the re- 
fraction through this compound lens, the aberration from 
the difference of refrangibility will be removed. I can prove 
the truth of: hat I write, by a compound object glaſs of this 
kind, which I have had in my poſſeſſion above four years. It 
is tvrenty inches in focal length, and its performance as af tele- 
ſcope, with one inch and a half of aperture, is not contempt- 
ible. Now, it has long ago been aſcertained, that the mean 
refractive denſity of oil of turpentine is leſs than that of glaſs; 
and chence I affirm, that When light paſſes from »crownsglaſs 
into oil of turpentine; à conſiderable refraction of the Whole 
pencil from the perpendicular takes place, and rhe; violet rays 
are, in chis caſe, the 1 W pe was as e r ages. 
reframgible. 3 ito 

\|Tu1s:is:manifeft ci Ao $ee” jut PER 3 
In the objed - glais above mentioned, there are four refractions, 
all 'of which are made in the ſſamd direction; naniely, two re- 
fractions at the two external ſuifaces of the lenſes, which are in 
contact with air, and to at e which are in 
contact with oil. nnn to ln 5bgat rad ot +: BIRT + 

id 10-1677 8 Heid us Jas 3 x. g 217 MDD D 
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In the refractions which take place in the confine of glaſs 
- and air, it has been put beyond all doubt, by Sir I8a4ac,Naw- 
Top's experiments, that the red rays are leaſt refracted, and the 
violet rays moſt refracted; and it is equally clear, from what 
has juſt been mentioned to be the reſult of trials witch priſms, 
and from the correction of colour in the above mentioned ob- 
ject- glaſs, that when light paſſes obliquely out of crown-glaſs 
into oil of turpentine, it is refracted from the perpendicular, 
and the red rays are moſt refracted, and the violet rays leaſt 
refracted. If this were otherwiſe, the heterogeneal rays, which 
are made to diverge in two refractions, which take place in the 
confine of glaſs and air, could never have this divergency re- 
moved by the refractions made in the confine of glaſs and the 
fluid. It is manifeſt, that if, in theſe laſt mentioned refrac 
tions, the ſeparation of the heterogeneal rays were in the ſame 
order as in the refraction from air into glaſs, the colour and di- 
vergency of the rays, inſtead of being removed by theni; —_— 
be increaſed. % NG it tit Br ord ien 
T'snALL not enter upon the application of this fact ·0 the 
beſt received theories of refraction; but at may be worth while 
to remark the great importance of e accuracy in obſerving 
the refults of experiments. Dr Hook attempted/to make ob- 
ject- glaſſes of teleſcopes, by interpoſing a fluid between a plano 
convex lens, and a piece of glaſs, both ſides of Which were 
plane and parallel. The convex fide/of the lens was turned 
inwards ; and the author ſeems to have had no other view in 
this ſcheme, but to obviate the difficulty which was found in 
giving a good figure to lenſes ground to very long radii- The 
refraction being thus reduced to that which takes place in the 
conſine of glaſs and the fluid employed, may be diminiſtied in 
any proportion; and conſequently the focal length of the ohject- 
glaſs lengthened at pleaſure. One of the fluids which he ap- 
pears to have made uſe of, was oil of turpentine. The diffe- 
rence between the phenomena attending an object. glaſs of this 
conſtruction 
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conſtruction and a ſimple lens, if chey had been attentively ob- 


ſerved, would have led Dr Hoox to the 
Set j 8 e;truth z,and, a nap of 


covery to the improvement of optics, not to mention the tri 
umph it would have afforded che opponent and rival of Nxw- 
rox, to have aſſerted, and had it in his power to make good 
his aſſertion, that in ſome caſes the violet rays are the U re- 
frangible, and the red rays the moſt refrangible. 
Even Mr DoLLoNnD could not. conceive that the 6215 WB. 

colour could be corrected hy refraQtions. which are all made 
the ſame way; and (till. leſs would he have admitted that ſin- 
gle refractions may take place without, divergency or colour *. 
As this continues to be the opinion of the beſt informed opti- 
cians of the preſent day, it will be eee e. more 
explicit ipreltigntion, of. the ſubject. Agne Nor . 484 J;G 
mH £30:tGot vol Aas Rar ONyi 24 ai isis: 
Fg. „a. Let ABG repreſent. a glaſs ==> "ond, BED : a 
priſm of water in contact with it; and let the angles of theſe 
priſms. be ſo proportioned. to each other, that a ray of light SI, 
which enters the glaſs priſm perpendicularly, . ſhall, after being 
refracted from the perpendicular. at the point G, in paſſing out 
of the glaſs into the water, emerge at K, perpendicular to the 
ſide C D of the water priſm, which is ſuppoſed to be confined hy 
parallel, plates. of glaſs. , As the ray both enters and emerges 
from the refracting mediums perpendicularly, it will ſuffer no 
refraction, excepting when it paſſes from the glaſh into che wa- 
ter, where its incidence is oblique. Here it will be refracted 
from the perpendicular, and will. emerge coloured, the. violet 
rays being moſt refracted, and; the red rays leaſt tefracted. Wo, 

Lr che water be now impregnated with antimony or mer- 
cury, to increaſe its diſperſive power. As this will alſo increaſe 
its mean c and N diminution of the 


bens , 4 1 "a 0 2 3 „e 
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rettackion in paſſing into it from the glaſs; coneetve the Angle 
| —— Abe. li as rh roftxtibn/ diminiſhes,” ſo that the 
rea | {6H emertze perpendicalat to DC 


When the angles of the glaſs! priſm and prifiti of difperfive 
fluid bear tõ each other a certain propbrtiom the ray will be 
found to emerge colourlefs; and whett this happens, it is evi. 
dent that all the rays are equally refracted at the point G, in 
paſſing out of the glaſs irito the n ahn fuffer no other 

refraction whatever. AK rie 
Tuis is a neceſſary eotiſGiſabiics of e gals 40d Bd differ. 
ing in their mean refractive denſity, andiof this / rarer medium 
poſſeſſing the requiſite degree of diſperſive po] ẽtt. 
Tas cafe of a firigle refraction taking pan; olemout us) 
difference of refrangibility of tht! rays; may be illuſtrated by 
Sir Isaac NewToON's explicatiofl” of 'reffaQibnz by means'(ef 
attraction, in the following manner. He ſuppoſes refraction 

to ariſe from an attrücting force acting on light, in lines per- 
pendicular to che ſurfate of the medium; and tlie eauſt of one 
kind of rays being more reftacted chan another; to arife Feeds 
their being more attracted. ty, dba mee t, 
Wx che medium ts eee e Tebeu doch e . 
tion wil be proportioned to the Whole attracting tofbe z0char 
medium. But when lighit paſſes from one refracking medium 
into another, it will only be attracted by the differ᷑net between - 
their attracting forces, as tliey act int of 
Now, if the difference of attractionlof che möſt att” Raft 
reffatigrble rays” were; in all medtums;, ptoportiohed® to the 
ole attraction of the mean reffangible ray; ir Would" be im- 
pen to produce refra8tion 5 tb colt Wis ſubſequerit 
| on 3 „ e 


.» Tus at leaſt, is true as to ſoaks; in thoſe £ Call 93 5 which, 1 in — 
| ſcopes. and microſcopes ; ; and it would be mathematically true in all caſes, if the angles 
+ of intnfente and refraction were proportional. But as it is not the angles themſelves 
which are ſo, but their ſines, it is a miſtake to ſuppoſe that colourleſs refraction cannot 
be produced by large contraty reffaRtions of che fame medium, properly * for 
the purpoſe. 


n to ech other: 
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experiments E char this e general lan of r re- 
fraction does not hold iin nature. I: g dh ni bnie 
Ie eee en dee Arbe be force wich which 
glaſy attracts the red green and violet rays to be repreſented by 
the numbers free; ſix and ſeven 3 then may the force with which 
the diſperſive fluid attratts theſe rayd, be repreſented! by the 
mambers four; five andꝭ ſix . For the reaſon why all the rays are 
equally refracted in their tranſition i from one of theſe mediums 
into the other, is becauſe the rare medium has the property of 
refracting the violet rays more, ant the red rays leſs, than the 
denſe inbdi um When cthe obliquity of incidence is fo: propor- 
tioned to their ee e e n r ray ſhall un 
che ume refrattion id bot Non ariÞ itt to ts 4 

© Now; in the cafe: above fired; the Autrüdiihe of the rate 
alu for the ſeveral rays; is ifs proportioned to the attraction 
of the: denfe midium for cheſe fame rays;- that the difference of 
theſe attractions is every where un, andi donſequently the re - 
fractiom ariſing frbrti theſy differences of attraction is alſo equal. 
Thus the green ray is attractecd by the denſu medium with the 
force ſix, and by the rare medium with the force five, the dif- 
ference of which is nν; and there it the ſame difference be- 
teten the attracting forces acting om tlie red and violet rays in 
the twso'!thediams, being in orie uaſe th difference between five 
and four; and in the other berwebry ſix and ſeven; ſo. that the 
difference of attracting fored and: couſe quem ly che refraction 
ſuppoſed to ariſe from it is cl fame i all the rays being al- 
ways thüt which vn be produded by an emit ee repres 
ſented: by unity - 510 

Ir the F ane die 5 os: icke de 
priſm B CD is formed, be. ſtill farther increaſed, the red rays 
will beedme. the/tnoft! refrungible/ and the videg-rays the leaſt 
refrangible; à law. of refractibn, which, as hat- been already 
explained, obtains: when light is refructedd in the confHHD;A l 
e oil of EI eee: fluid 
: Ir 


the light from its rectilineal courſe, is ſuppoſed to be produced 
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che mean refractive denſity of tlie diſperſive fluid, con- 


tained in the priſm B CD, be ſo far incteaſed as to become 


equal to the mean refractive denſity of the glaſs priſm A B C, 


the mean refrangible ray will ſuffer no refraction in paſſing ob- 


liquely from the one medium into the other at the point G, but 


the violet ray will be refracted towards the perpendicular, and 
the red ray will be refracted from the perpendicular. The rea- 
ſon of which is, chat the diſperſive medium refracts the violet 
ray more, and the red ray leſs than the other medium; ſo that 
the former may be conſidered as an equally denſe medium with 
the latter relative to thei green ray, but mare denſe relative to 
the violet ray, and Jeſs: denſe; relative to the red ray, ð 

Tais caſe of refraction takes place in the conſine of crown- 
glaſs and butter of antimony; hen the latter is ſo far dilute as 
to have the ſame mean refractive denſity with crownrglaſs ; 


that is to ſay, when both mediums equally nr the wth Ky 


under equal obliquities of incidence; * anoifigntty 5 
Tas varieties of refraction will een be 1 compre- 
hended i _ IRE r birt COB: 1 09539 2415 255 15 
FR 94% i bent 9161 hi ot int 3 N 2 40 


FR * ns a eien of econ: -glaſs, Which * 3 
amen by a red, green and violet ray,” moving parallel 
with each other. As their incidence on the ſecond ſurface of 
the priſm is oblique, they will, in paſſing from the glaſs; into 
air, be refracted from the perpendicular. This deflection of 


by the perpendicular attracting forces, repreſented by the num- 
bers five, ſix and ſeven. The violet ray will e be moſt 
nm nen ene eee 15 
431 11 ln 4 * lirft *2 52411 oi "It 4 wit 15s 
ul 4. bee a poiſe, f diſperſive; fluid, W which the 
Fade! enter with the ſame. degree of obliquity which they 
had before they emerged from the glaſs priſm,. The attracting 
forces of the fluid for the ſeveral rays, are repreſented by the 


numbers 


— 


— 
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1 five, fin and each of them will be deſlocted 
towards the perpendicular, 1 in a degree proportioned to the forte 


acting on it. 100 3 735 Hs. 5 95 55 out SH INIT eee 
+4 % ; - 


be x F repreſents ALS and: 10 three rays 
entering iche glaſs ppuſm: perpetdicuſarly; and emerging perpen- 
dicularly fromthe fluid; fo that cheionly refraction they 2879 7 
their paſſage . is: in the donfine afl he two meditim. 
Ar the pbint af contact, the nays wall be acted e doeh 
1 mediums, with the ſame forces di dh they exerted wen ſepa- 
rate, But theſe forces will act in oppoſition, and therefore the 
rays will only be hffected by their difference; and as the dif- 
ference of attraction of the /two mediums ib the fame in all the 
rays; they will-all be equally'refrafted.” The red a) is attract. 
ed towards the lglaſs hy che difference between the forces! four 
acid fivepthe green by the differdnee between ſive and fx, atid the 
violet by the difference between fix and ſeven, each of which 
differences is equal to unity, as fæprefented in che figure. Tut 
. (tx'the diſperſive power of 'ths! Aud, colai&® Hi this priſin- 
Gclwelleb be apwiniſhla Hy decreaſing the" pro portibn of mer⸗ 
cury dt v atineny which? ie cneains, tlie violet” ray will begin 
to be more refracted) and: the red ray leſs refracted, than the 
green rayd But if thar qualtey be ineresſed, we contrary of 
this will: Happen gi the d r O ecemiug the moſt refrangi- 
N ble, auc the violer rayithe Jeatrefruhipibre. 10-7141 ot oft, 
Ix the diſperſive tediumn"ermployed,: beef: that proce degree 
of ſtrength; whick' enables it to refract the green ray in the 
fame degree in which” it 16 Veflactedt By crown - glafs; in this 
eaſe it has been aſſertédi chat when light paſſes ebliqꝗuely from 
theꝛune of theſe mediutms inte th other, the green rays will 
ſuffer no refraction, but the red rays will be refracted from the 
perpendicular, and the violet rays towards the perpendicular. 
The reaſon'of this will appear from inſpecting the three follow- 
ing diagrams. * var arts; N 797065 nig q 1 l Fault 
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FIG. repfeſents wiprifmubfxcromneglaſs,un vhiclr cht red; 
green and violet rays; at Nr 
as before, with the forces five, fix and ſeven. oy A 9,35 


Fre, . reptfents a priſmatic veſſel-filled with butter af 'kn- 
timony, whoſe mean eftacting once is equal to chat of the 
Gen e chat che green ray is attractedlibydt wtli the 
force ſix. ut in con ſaqutuce tif bits great difpetive ipower, 
the ted'and violet art attracted; nb ay e ton ag 
of; ate with eli  # nher 
5 beg „doo ot Be Ihw et 21517 25 . 

47 Bray 8. repreſents-cha-mp Wit in joctch?, and conſequent: 
y acting in; ppi d ach thar. New dhe, force ich 
which each of the medium acts on. the green tay; is repreſented 
by ſix ʒ the difference hetwen Nich i beitig nothing, che green 
ray wall proceed in irs "oRtilineal, aufe, as:it,would do in $he 
ſame. uniform medium. / e Hh Ad 1 

Bor as the red ray is atrated by che cron ad wich: a 
force repreſented by five, and by the diſperfive:metlipra.with a 
force equal only to four, it wil, in Paſſing out of the former 
into che latter, be deſlected towards the-prown:glaſa; by the dif; 
lepgnee rermons theſe; farges, which/is/equal to unity... 

- Tus violet ray, on the coptrany;. is attracted hy the-crown- 
glaſy with/the. force, ſeven, ,and.by che Aiſperſive medium with 
the force eight, and will. therefore; be-xefracted! towards the Jat* 
ter, in the ſame, degree in which the red?ray 35 /'refinabted: from 
it, as repreſented in the figure, - It is,aſgircumſtance worth re- 
marking, that a particle of red light, and a particle af violet 
light, under preciſely the ſame circumſtances of (expoſure co 
the Aue groſs Pale. mean 110 
mONs: 1 eo onto od Wie evict ber art ud aotfen39t an Tally 

a HAVE tied. cheſs adit of refraBion Abende wich 8 
compound object. glaſſes, which thew the effect better Than tlie 
priſms. Thus, if a plano- con vex lens have its s plane ide burn. 

— e 
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ed towards a diſtant object, the rays will enter it, as to ſenſe, 
perpendicularly, and will therefore ſuffer no refraction. If the 
convex ſurface of this lens be brought in contact, with a fluid 
| of leſs mean refractive denſity than the glaſs, but exceeding it 
in diſperſive power, in that degree which occaſions an equal re- 
fraction of all the rays, all theſe rays will then be converged to 
the ſame point, which are incident at the ſame diſtance from 
the axis of the lens. The focal diſtance of this compound lens 
will be greater or leſs in proportion to its radius of convexity, 
and to the difference of refraction between it and the fluid made 
uſe of. While the fluid is confined on one fide by the plano - 
convex lens, let the lens which is brought in contact with it on 
the oppoſite fide, have one of its ſides ground convex, and the 
other contave; the radii of their ſphericities being equal to the 
focal diſtance at which the rays are made to converge, by the 
refraction which takes place, when light paſſes from the plano - 
convex lens into the fluid. It is manifeſt that the light will 
now both enter into this compound lens, and emerge from it 
perpendicularly, and will therefore ſuffer no refraction, except 
in the confine of the convex fide of the plano: convex and the 
diſperfive fluid, where all the rays are equally refrangible. A 
compound lens of this kind, is repreſented in the ninth figure, 
which, after what' has been ſaid, will require no farther expla- 
nation; excepting only, that inſtead of being ſpherical, it is re- 
preſented with that curvature which converges homogeneat rays, | 
incident at all diſtances” from the axis, to the ſame point: 
If the required curvature could be given to lenſes with fufh- 
cient” accuracy, this figure ſeems to repreſent as perfect a con- 
ſtruction of the object. glaſd of à teleſcope as can be defired? 
But there is reaſon to think that a ſpherical figure may be com- 
municated, not only much eafier, but with greater accuracy than 
a foharbiadl or hyperboloidal, which 'would be required; and 
even if this difficulty could be got over, there would ſtill re- 


wald a fundamental fault in the theory. Before relating the 
D obſervations 
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obſervations by which this was detected, it will be requiſite to 
explain the method of removing the ſpherical. aberration, by a 
combination of convex and concave lenſes. | For next to the in- 
diſtinctneſs ariſing from the unequal. refrangibility. of light, 
this aberration, occaſioned by the ſpherical figures of lenſes, is 
the great obſtacle to the advancement of the powers of viſion. 


Of the aberration from the ee figure. 


Tars ſubject has been treated of in all. the. rior of caſes 
which can occur in ſingle glaſs lenſes, by the great Hp oen1vs, 
in his Dioptrics, a poſthumous work. He there "demonſtrates 
that the quantity of this aberration is very different in different 
lenſes of the ſame focal diſtance, according to the convexities 
or concavities of their two ſides, and the manner in 1 
theſe are expoſed. to parallel rayh es. 

In convex lenſes, thoſe rays which pov at a diſtance Gi the 
axis, are converged to a point nearer to the lens than its geome- 
trical focus. The diſtance between the point at which the ex- 
ternal ray of a pencil incident on a lens, interſects its axis and 
the geometrical focus, is called the e dann of that 
lens. 

Huczn1vs demonſtrates, that e a plano-conven lens is 
expoſed to parallel rays, with its plane ſide towards them, this 
aberration will amount to four times and a half the thickneſs 
of the glaſs, By the thickneſs of a convex lens is. meant its 
greateſt thickneſs in the middle, after ſubtracting its thickneſs, 
if it has any, at the outer edge; and by the thickneſs of a con- 
cave lens, is meant its thickneſs at the external edge, after de- 
ducing its thickneſs in the middle. 

On turning the convex fide of the lens 3 the nete, — 
near aberration will only exceed the; thickneſs af * lens by 


one ſixch part. 
** 
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Wu both fides of a lens are convex, and tlie proportion of 


their convexities is as one to ſix, if the moſt convex ſide be ex- 
poſed to parallel rays, the aberration will exceed the thickneſs 
of the lens one fourteenth, en is ws ae poſſible aber: 
ration of any convex lens. F n 
Ix it is required to denen 3 chis may be done 
4 by! grinding one ſide of the lens convex, and the other fide: con- 
cave, to a longer radius. Such a lens, with its concave ſide 
turned towards parallel rays, will have more aberration than 
any armen or * convex 22 1 1 _ Tees dis 
ſtance. 145 r 4 4 1 
md Saws ae the battered is eos 
duced by concave lenſes as by fimilar convex ones. When a 
plano-concave lens is expoſed to parallel rays, with its plane fide 
outward, the external ray of the pencil, being produced back- 
ward after refraction, will interſect the axis of the lens nearer 
to it than its focus, by four times and a half the thickneſs of 
the lens. But if its concave ſide be expoſed to the parallel rays, 
the bg ation will only exceed the thickneſs of the lens one 
feunwemth part. . A. double: concave, whoſe radii are as one to 
„„ fide turned outward, diſperſes the 
rays with the leaſt aberration; and a concave meniſcus, with 
its convex ſide outward, produces more aberration than any 
plano-concave or double concave * ag an equal focal di- 
ſtance. inner 25 i 2 
Tus eee eee een from 
the ſpherical figure, in caſes where both a convex and concave 
eee eee ere pre, yy _ 
blaß JET 047 EIT N : | 1 18 
43 2 2 et * N 717 
2 8 AB . wins nave a pencil of 
rays from the object 8, and converging rays incident near the axis, 
as ST, to the point F; and external rays, as 8 B, to the point 
% D 2 D 
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D; do chat DF men greateſt:lineariabetyatiogs iu/thie 
ON e lr 4 Sirene S494 
| Acai, ee GH (Figaz1.) Spee e eee eser 
. parallel rays 8 H, R K, which it refracts in the lines H X 
and KV. This ray KV being produced back wurd, will interſect 
the axis of the lens nearly at the point N, which is called the 
virtual focus of the concave; and the external ray H X 
produced backward, will interſect che axis in ſome point P 
nenne en its n "TG eee, 2100 
tion. 1130 YOONQSHET) u 
Ir may jd be obſerved, At ah convex is in that poſition 
which produces the leaſt aberration, and the concave in the po- 
fition which produces moſt aberration. Henoe, to render the 
aberrations DF (Fig. 10.) and PN (Fig. 11.) equal the fo- 
cal diſtance of the convex muſt be much ſhorter than that of 
the concave; and if the diſtances of the points F and N from 
the convex and concave lenſes be required to be the ſame, as 
repreſented in the figures, then muſt the object he placed much 
nearer to the convex. Hence the image of the near ” ohjeQ 8, 
is repreſented at the ſame: diſtance from che convex len 
gure tenth, as the virtual focus of the concave in ſigure ele- 
venth, where it is repreſented as receiving parallel rays,” which 
are ſuppoſed to come from an infinitely diſtant object. 
Now, when the diſtance between K and N, Which is the 
point from which parallel rays are made to diverge by the eon- 
cave lens, is equal ti the diſtanee between T and F, which is 
the point to which rays iſſuing from 8 are made to converge by 
the convex; and when the aberrations DF and PN are alſo 
equal; I ſay, that in this caſe, if the two lenſes be placed com 
tiguous, in the manner repreſented in the twelfth figure, parallel 
rays, incident on theſe lenſes; will be u . to the point 8, 
ee e ee ebe enk. 
ö r ea R+ 03-05. 44.4 
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Fon it is an riom in optics, that if a ray of light after re- 
fraction be returned directly hack to the point of incidence, it 


cent FRY. rh p45 dy * an 

I, therefore we conceive the whole of che light nam. 
the point 8 (Fig · 19.), and.copverged by the convex lens towards 
the points D and E, to. be geturned directly back from theſe 


points, it will be ee to the point 8, whence 


it iſſued. Now, the parallel rays. 8 H. RK. (Fig 11.) after 
their emergence from the concave lens; in the lines HN, K V. 
are preciſely in the ſame relative ſituation, as the rays, ſuppoſed 


to be returned directiy back, from E and. D are in, at their in- 
cidence on the convex; and therefore, hen theſe lenſes are 


placed contiguous, in the manner repreſented in the twelfth. 


figure, parallel rays incident on the; concave lens, and immedi- 
ately after, their. emergence from it, entering the convex. lens, 
will be e ie eee * n without * aber · 
ration. att 119027 bs 2 gry 
. Tars, Which is the mall fades 1 will faffce. to; e 
eee. of that aberration, which ariſes. from the ſpherical 
figures of lenſes, and th A Ge ie. by combining 
a convex and concave, ett A 54 
Tut demonſtration is. "perf as far as regards the external 
ray, which. 3s here repreſented, paſfing from the external part 
of che concave into the external part of the convex, in immedi- 
ate gontact xith it; and af the ſurfaces of the two lenſes, which 
reſpect each other, were, either: in contact or parallel, it would 
be true ith regard a0 all che rays. But as this is not the caſe, 
there ariſes a ſmall ſecondary es, che effect of Which 
only becomes ſenfible in large apertur 
Hen may be underſtood the 5 why the indilinanels 
ariſing from the ſpherical. fgores of lenſes,: may, in the com- 
mon -achromatic teleſcope, be more nearly removed. in thoſe 
tonſtructions of obiecl. glaſſes in which three lenſes are em- 
ployed. 


will be refraQted in the line which was before OR hy the | | 


— 
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played thiilin Hol cbm pofetb onfy of tw6'7 nd ale the ad- 
vantäges in "this tefpeck, iel may be Gerte from introdu- 
ding fluid mediums, which differ from glafs ih their nean re- 
fractive denſity, andi in the quantity of aberration produced by 
che reftactibns. Por it will be fond upon cum putrtien chat 
when the fluid medidin is rarer than glafb, che Web un from 
che ſpherical Higure is Fücreaſed, And Mech greater in pro- 
portion as its denſity'« diffs" Noh by making the denfity! 
of the fluid medium approach nearer and nearet to the denfity 
of the 'glaſs with which it is in contact, we may increaſe the 
rarity of ' our refracking medium, Gr, which amounts preciſely 
to the fame thing, diminiſh" dle difference 6f denſity of the 
to mediums at pleaſur ee. 13 but n 

Ir will appear from what has been explained, that the aber- 
ration from the figure cannot be correctetl by interpofing à diſ. 
perſive fluid between two convex lenſes, of à greater refractive 
denſity than the interpoſed fluid. For all 'the refractions being 
made the ſame way, tend to converge the external rays to 
points nearer the lens than its geometrieal focus. Hence, when 
rare fluids ate made uſe of to remove the aberration from the 
difference of refrangibility,” ſome farther contrivance becomes 
neceſſary to correct the ſpherical aberration? ers 

Tur moſt obvious way, and which on trial 1 found ſucceſs· 
ful, is to include the rare diſperſive fluid between two glaſſes, 
ground concave on one ſide and convex on the other, and thus 
form ſuch a'coritave'as ſhall”be' required. By combining this 
with à convex, an athromiitic objeA-glaſs may be formed, as" L 
repreſented in'the ſixtecnth figure. Tlie objection to this con- 
ſtruction is, that one of He advantages arifing from the uſe f 
fluids is given up, namely, che prevention of that Toſs of light 
by reflection, which 1 is a conſequence öf the fluid being in 
immediate contact with the glafs, whereas” in the "preſent * "Ealſe,* 


the ſpace between the convex and concave it 18 occupied by air. 
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of leſs mean refractive denfity than the diſperſive fluid. For 
this purpoſe I employed ſometimes rectified ſpirit of wine, and 


| da weil æther; and by giving to the lenſes the pro- 


per degree of curvature, in which great variety may be intro- 


duced, I ſucceeded in forming object-glaſſes, in which both 


aberrations are removed, 1 * more N loſt N 
in a ſimple object-glaſes. 


' Have gained this point, I „ ee tote ow | 


far the aperture of the 'objeft-glaſs might be increaſed, without 
inereaſing its focal length, expecting, at leaſt, to equal reflectors 
in this reſpect. But the firſt trials to execute - objeA-glaſſes on 
this principle, though they left no reaſon to complain of want 
of ſucceſs, when compared with: ſuch inſtruments as are now in 


uſe, ſurpriſed me with new phenomena, and new obſtacles to 


the perfection of the theory of teleſcopes,” more unaccountable 
and perplexing than any I had before encountered. Oo 


Wi e bert ha Pa ang. 23h, 10 aso d 
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of the 0 n of e ps — PTY is obtained by a 
combination of mediums of different di iſperſive powers. 


I. rook a compound object· glaſs of the conſtrugtion lat 


rr compoſed of three lenſes, two of them plano - con- 


vex and the other a meniſcus . The radius of convexity of one 


of the plano; convex lenſes is about four inches, and the con- 


vex fide is turned towards the object. The radii to which both 
ſides of the meniſcus are ground, are about five inches, orie 


ſide being convex and the other ſide concave. The concave ſide 


is made to reſpect the plane fide of the above mentioned plano 
convex, and the yacancy between them is filled with vitriolic 
æther. The third plano · convex lens is ground to a radius of fix 
inches. Its convex fide is turned towards the convex fide of 


emp . the 
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Ox this account I attempted to introduce a third medium, by 
filling this vacancy with a fluid of the leaſt diſperſive kind, and 
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che meniſcus, and the yacancy between them is repleniſhed! by 
fluid of the requiſite degree of diſperſive power, which is 
confined by means of à ring of glaſs, - Theſe lenſes ute two 
inches and ſeven eighths of an inch in diameter, and the focal 
length of the compound object - glaſs is ten inehes ; the curva- 
tures of the lenſes being: ſo | ptoporticined, /as 2 to 8 
the aberration from che ſpherical figure. 14 

Tux fluid I employed to remove the Feen n he 
Ge refrangibility of light, was an eſſential oil, whoſe diſ- 
perſive quality I could eaſily increaſe or diminiſh, by mixing it 
with others differing in their diſperſive qualities, though of 
nearly the ſame mean refractive denſity; by which means, the 
correction of the error from the figure was; not difturbed;: by 
varying the ſtrength of the diſperſive /fluid; I now expected 
perfectly to remove the colour, by adding a little of: one or 
. of the diſperſive fluids, as occaſion might require 

. Berore relating the event of this trial, it will -be proper to 
explaik the manner of examining the diſperſive power of fluids 
by means of lenſes, and of diſtinguiſhing when the colour is 
perfectly corrected, 

Wan the image of a lucid point is formed in the focus of a 
ſimple lens, the violet rays are cohyerged to a focus neareſt to 
the lens, and the deep red rays are converged to a focus at the 
greateſt diſtance from it. The conſequence of this ds, that if 
this image be examined by an eye- glaſs nearer to the lens than 
is required for diſtinct viſion, it will; appear ſurtounded with a 
red fringe, which is the prevailing colour of the leaſt refrangi - 
ble rays; and if the eye - glaſs he placed at a diſtance beyond 
that which is required for diſtinct viſion, it will he ſurrounded 
with. a blue fringe, ne is the prevailing colour of- we moſt 
refrangible rays. , och ot 26k A 
Tux reaſon of chin wil peer clearly from Jnſpeting 
the thirteenth figure, where the red rays appear outermoſt with- 


In the focus at A, and the e eee 
y 
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yond the focus at B. Theſe colours may alſo be ſeen, when 
an image of any luminous object, as the ſun, is formed by a 
lens upon a white ground; and they will be ſo much the more 
conſpicuous, by how. much the diameter of the lens is greater, 
in proportion to its focal diſtance. 

JusT the reverſe of this will happen in a np object- 
glaſs, if, in correcting the colour, the medium employed diſ- 
perſes more than it ought to do. A blue fringe will then ap- 
pear round a luminous object, when the eye - glaſs is puſhed in; 
and a red fringe, when it is drawn out beyond what is neceſſa- 
ry for diſtinct viſion. 

In this way the correction of the colour may be examined, 
and the qualities of refracting mediums inveſtigated, to an ex- 
treme degree of accuracy; yet the effect will be rendered ſtill 
more ſenſible, by covering half the object-glaſs. For when 
this is done, the colour produced by the uncovered half of the 
objeQ-glaſs appears, without being mixed with that of the op- 
polite ſide, even when the eye-glaſs is adjuſted to diſtinct vi- 
fon, - Thus, in Fig. 13. the colours produced by both fides of 
the lens, are mixed at the general focus F. But if the rays co- 
ming from one fide be intercepted, thoſe which are refracted 
by the other fide will appear in their proper colours. By theſe 
means, and by employing a very luminous object, ſurrounded 
by a dark ground, and a high magnifying power, the leaſt un- 
corrected colour may be rendered ſenſible. 

Mr firſt obſervations, which clearly proved the correction of 
colour which is obtained by the combination of two mediums 
differing in diſperſive power, to be only partial, were made in 
the ſummer of the year 1787, at Merchiſton. 

I ap, ſome time before, found it impoſſible to ſucceed, in 
this reſpect, with priſms compoſed of crown and flint-glaſs. 
But as I neither was able to make the phenomena ſo apparent 
by this method as with lenſes, nor had à command of priſms 
with that great variety of — angles * to put it 
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yond all doubt, that the colour obſerved might not proceed 


from the angles of the priſms not being preciſely thoſe, which 
would render the correction of colour moſt Nn, 1 __ no 
farther attention to the ſubje at that time. 
Ix examining the objeQ-glaſs above mentioned, the 3 
obſerved was a ſmall window in a white wall, at the diſtance of 
ſeveral hundred yards to the eaſtward of my ſtation, the ſun 
ſhining upon the wall from the weſt. The circumſtances of 
the phenomena, which I have extracted from memorandums 
written at the time of making the expeFLnonr,.v were as ow . 


* July 28. 1787. In oonſtruction A, by this is meant the 
ten inch object- glaſs above deſcribed) when rendered as achro- 
matic as poſſible, a purpliſh light appears on one ſide the m_ 
and a greeniſh light on the other.” 

In the next obſervation of this kind of ern colour, 
the flame of AxGanD's lamp was uſed as an object, the great 
brilliancy of its light rendering the phenomena more conſpicu- 
ous. A cylinder of braſs was placed over the glaſs tube, 
which intercepted all the light, excepting what paſſed through 
a ſmall round hole oppoſite to the flame. I found no object pre- 
ferable to this for the purpoſe, except the planet Venus, which 
cannot always be commanded. My obſervation mentions that 
<< with the patent lamp, the colour 1 Wy ae carmine within the 
focus, and greeniſh yellow without it. | 

ANOTHER memorandum on this ſubject runs thus: Con- 
ſtruction 10. (by this is meant another objeQ-glaſs, compoſed, 
like the former, of crown-glaſs, an eſſential oil, and ſpirit of 
wine, inſtead of æther, but a few inches longer than it, and 
more perfect) diſcovers a great deal of colour of ſome kind 
in covering half the object-glaſs. The object, though 1 rr. 
is then more diſtinct than upon uncovering the other half; the 
colour is thus converted into miſtineſs. On altering the diſper- 


ſion of the fluid, the colour on one fide alters from 1 * 
et 
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violet to reddiſh violet, and on che other from greeniſh orange 
to greeniſh blue. As the diſperſion is diminiſhed, the red 
gains on the violet within the focus, and the greeniſh blue up- 
on the orange without it, and vice verſa ; and there is a conſi- 
derable latitude,” within which, varying the diſperſion, makes 
little difference in the diſtinneſs,” . 

As this aſt obſervation put it beyond doubt that an inveſti- | 
zation of the cauſe of theſe appearances was of the laſt im- 
portance to the improvement of optics, I now began to . 
concerning them. 

Tu firſt conjecture that offered was, that this FOR might 
ſomehow proceed from the ſurfaces of the convex glaſs lenſes, 
and the concave lenſes of diſperſive fluids, not . correſponding 
at different diſtances from the centre, as the plane' ſurfaces of 
priſms every where do. In order to examine what effect this 
might have, I procured two pieces of plate-braſs, with which 
I could cover the whole of the objedt-glaſs ; and out of one of 
theſe I cauſed a ring, of a quarter of an inch in breadth, to be 
cut towards the centre, and out of the. other, a ring of the 
ſame breadth, cloſe to the circumference. * For I perceived that, 
if the colour aroſe from the cauſe above mentioned, its appear- 
ance ought to be different through theſe two rings, when there 
is an accurate correction of colour in that part of the object- 
zlaſs, which is equi-diſtant from the centre and the circumfe- 
rence. But upon trying the experiment, the ſame purple and 
green colour appeared through both theſe rings, as through the 
whole object - glaſs, and the colours lay in the ſame order in both 
caſes, My remark upon this experiment is in the following 
words: Upon trying with a ring either external or internal, 
the appearances remain the ſame, as when the whole aperture 
is uſed ; -which ſeems to prove that this colour ariſes from the 
diſperfion not being proportional, and not; as was ſuppoſed, 
from the ſurfaces not correfponding. It is evidently the greateſt 
har to increafing the er and giving high powers; there 
E 2 18 
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is only a partial correction of colour; the differently refrangi- 
ble rays cannot all be converged to one focus.” 
Tux next method that occurred to me of determining the 
point in queſtion was more deciſive. This was to obſerve whe- 
ther any of this green and purple colour appeared through the 
moſt perfect kind of achromatic objeQ-glaſs above deſcribed, 
and repreſented in the ninth figure, in which there is only one 
refraction. This I found to be the caſe; and therefore conſi- 
dered myſelf as in poſſeſſion of ſufficient authority for conclu- 
ding, that the theory advanced by Mr DoLLonD, and gene- 
rally received, was defective. For with the large aperture and 
high power made uſe of in theſe experiments, the colour that 
appears in viewing a bright object is not weak and hardly ſen- 
fible, but a beautiful bright purple inclining to crimſon, and a 
ſtrong full green, and theſe in fuch a quantity as evidently to 
be the obſtacle to increaſing the aperture of the object-glaſs. 

THis was the concluſion I was then led to, and which I have 
found confirmed by numerous experiments made fince. But 
before entering farther on the ſabjeR, it will be neceſſary to 
explain what is meant by different mediums not diſperſing the 
heterogeneal rays of light proportionally. | 

Ler AB and CD (Figures 14. and 15.) repreſent the ſur- 
faces of two mediums, both of which equally refract the mean 
refrangible ray. This we ſhall ſuppoſe to be the green ray, 
though, in this explication, it is not material which is called 
the mean refrangible ray. The angles of incidence K GL, 
M RN, wilt then be equal, and the angles of refraction of the 
green ray HGg, PR, will alſo be 3 in both * me- 
diums. 

Lz one of theſe mediums C D exceed the other AB ſo 
much in diſperſive power, as to make the difference of the 
angles of refraction of the green ray, and extreme violet ray, 

in the medium CD, double of what it is in the medium AB; 
that is to ſay, the angle vRy double the angle Gg. * 
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if the difference of the angles of refraction of the green ray 
and deep red ray, in the medium CD, be alſo double of the 
difference of the angles of refraction of theſe rays in the me- 

dium AB, that is to ſay, the angle R g double the angle g Gr ; 

I ſhould ſay that the two mediums diſperſed theſe three kinds 
of rays, namely the red, green and violet rays proportionally. 
But if, when the difference between the angles of refraction of 
the green ray, and extreme violet ray, in the medium CD, is 
double of what it is in the medium AB; the difference of the 
angles of refraction of the green ray, and deep red ray in the 
medium CD, ſhall be found to exceed the difference between 
the angles of refraction of theſe rays, in the medium A B, only 
one half, for example; then I would ſay that the two mediums 
do not diſperſe Foe differently een ble rays e een 
a 

For in this mY the li CD difperſes or ſeflarates the 
green ray, and extreme violet ray, twice as much as the me- 
dium A B does; whereas the ſeparation of the green ray, and 
deep red ray, in this ſame. medium CD, exceeds only _ one 
half their ſeparation in the medium A B. 

IT is farther manifeſt, that the red, green and ys- 
cannot be rendered parallel by any combination of the Tefrac- 
tions of the two mediums, upon the laſt mentioned ſuppoſition. 
The whole refraction, through. a priſm compoſed of the me- 
dium CD, may be ſuch as to give exactly the fame inclination _ 
of the red and violet rays, which, a priſm compoſed of the me- 
dium AB does, when both rays ſuffer a greater refraction 
through the latter; and. therefore both theſe rays may be 
equally refracted and converged to the ſame point by means of 
a convex: lens of the leaſt diſperſive medium AB, and a concave 
lens duly proportioned to it, formed of the moſt diſperſive me- 
dium CD. 

Bur if we now add to theſe the green ray, it is evident that 
eee refracted parallel with the red and violet rays. 
| For 
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Fox when the whole -refraRion of the leaſt 'diſperfix 
dium AB is ſuch as juſt to unite the red and violet rays, the 
green ray, which is more refracted by this medium A B, in 
proportion to the whole refraction of the red and violet rays in 
the medium A B, than it is refracted by the diſperſive medium 
CD, in proportion to the whole refraction of the red and violet 
rays in the medium CD, will, when the red and violet rays 
are united by contrary refractions through theſe two mediums, 
be refracted too much; the balance of refraction being always, 
in this caſe, in favour of the leaſt diſperſive medium; and 
therefore the green light will emerge from this compound re- 

fraction more refracted than the united red and violet light, 
and che inclination of the emergent green light to the emergent 
united red and violet light, will be greater or leſs according as 
the ratio in which the red, green and violet light are ſeparated 
| by che refraction of the two mediums, approaches more or 
| leſs to equality. What this inclination amounts to, in any par- 
ticular inſtance, muſt be determined by experiment. 

HeNce if the caſe of unproportional diſperſion, above ſta- 
ted, ſhould be found to hold true in fact, we ſhall arrive at 
| this ne truth in optics, That though in the refraction of a pen- 
| cil o ſolar light, made in the confine of any medium, and a 
vacuum, the deep red rays are always the leaſt refrangible, and 
the violet rays are always the moſt refrangible ; yet it depends 
entirely on the ſpecific qualities of the medium, which ſhall be 
the mean refrangible ray; the very ſame ray, which in the 
refraction through one medium is the mean refrangible ray, 
being found in others among the leſs refrangible rays. For it 
is manifeſt that the ray which biſects the angle formed by the 
moſt and leaſt refrangible rays, and falls in the middle of the 
coloured ſpectrum, is to be 'accounted the mean gs 
ray. 
mai in Fig. 14. che green ray Gy is 'the mean nl 
ble. But in Fig. 15. the green ray Ry is found among oy 

5 
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leſs refrangible rays, and ſome other ray, Re, which is one of 
the more refrangible rays in the medium AB, is the mean re- 
frangible ray in this medium OD. 

Tux moſt obvious way of examining the ae properties 
of different mediums, is by means of priſms. But I have not 
found this method either ſo eaſy or ſo accurate as that by means 
of lenſes, which has been already explained. It has been ſhewn 
that the image of a lucid point (ſee the thirteenth figure) is 
every where, between the lens and that point where the rays 
croſs, ſurrounded with a fringe of the colour of the leaſt re- 
frangible rays; and that every where beyond the point of 
croſſing, the image is ſurrounded with a fringe of the colour of 
the moſt refrangible rays; and that theſe colours appear more 
diſtinctly at the focus' irfelf, when one half of the lens is co- 
vered. Hence, in order to determine which rays are the moſt 
or leaſt refrangible, after refraction through any lens whether 
ſimple or compound, it is only neceſſary to examine the colours 
of theſe fringes, which is the mote n done, as e are 
greatly magnified by the eye- glaſs. 

In fingle lenſes, the fringe within 1 FA nich is com- 
poſed of the leaſt refrangible rays, will always be found to be 
of a red colour, with a mixture of orange; and the fringe be- 
yond the focus, compoſed of the moſt refrangible rays, will 
be found to be of a blue colour. Theſe are the colours which, 
it 18 well known, are produced by ſimple refraction, m in 
the conſine of every known medium and a vacuum. 

From what hath been already related, it appears, chat co- 
lour is likewiſe produced in what has been termed achromatic 
refraction, though it be leſs in quantity. in proportion to the 
whole refraQtion ; and the rays which are found moſt and 
leaſt refrangible, in theſe two caſes, differ very widely 

In a compound objeQ-glaſs, formed of a coneave, which dic 
perſes the rays in a greater degree, and a convex, which diſ- 


perſes the rays in a leſs degree, there was always found, when 
f the 
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the correction of colour was rendered the moſt perfect poſſible, 
a fringe of purple within the focus, and a fringe of green be- 
yond the focus; and theſe coloured fringes. appeared; whether 
the concave conſiſted of flint-glaſs or of an eſſential oil. There- 


fore, in this kind of compound refraction, the rays of light, 


when their union is rendered the moſt perfect poſſible, emerge 
differently refrangible; and the rays which emerge moſt re- 
frangible, have the property of exciting in us the idea of a 
green colour; and the rays which emerge leaſt refrangible, 
have the property of exciting in us the idea of n co- 
lour. 

Wu, for the ſake 55 ee Wan had or Wen 
of the union of the red and violet rays, as if it were performed 
by a ſingle refraction, whereas, in general, the moſt that can 
be effected is to render them parallel by oppoſite refractions, I 
would be underſtood to refer to the moſt ſimple and perfect 
caſe of achromatic refraction, in which the extreme red and 
violet rays are really equally refracted, and conſequently united, 


by a ſingle refraction, as already nn in the references to 


the fifth and ninth figures. 

Tux fringe of purple light is . part, Ron an union vof 
che fed and violet rays, which in ſimple refraction differ moſt in 
refrangibility, but which are here equally refrangible; and 
partly, of the united orange and indigo light, which are alſo 


united, and form the ſecond order of coloured light in this ſe - 


condary ſpectrum. 

Tux green fringe 1s e in park of 41 eee 
green rays, which, in common refraction, are the mean re- 
frangible, or nearly ſo, but are now the moſt refrangible of 
all. The remainder of this green fringe is formed by an union 
of the yellow and blue rays, ae what may be termed an 
heterogeneal green. 

Ir will appear from the foregoing ſtatements, in 2 man- 


ner this diſpoſition of the rays is a neceſſary conſequence E 
c 
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the concave and convex lenſes. being compoſed of mediums 


which, do not diſperſe the rays proportionally, as before ex- 
plained. But the matter will be beſt underſtood, by recurring 
to the caſe above mentioned, of fingle achromatic refraction. 


Thus I continue to denominate it, though: the Society will per- 


ceive that this term achromatic, is here uſed with (manifeſt im- 
propriety; and will alſo, make proper allowance for the ſenſe 


in which I have employed the term bomogeneal be in con- 
formity to the common language of optic s. 


I was, formerly aflerted, that When two 3 Acer in 


mean refracti ve denſity, and the diſperſive power of the rare 
medium exceeds that of the denſe medium in à certain propor- 


tion, light of all colours will, be equally refracted in the confine 
of the two mediums; and it is true that the red and violet rays 
will be equally refracted, and the rays of other colours as near- 


ly fo as by any combination of two mediums of different diſ- 


perſive powers. But on account of the two mediums not at- 


tracting, and conſequently ſeparating the rays of different co 
lours in à given ratio, the ſame green and purple- caloured 


fringes appear in an objec-glaſs of chis kind, as in one in which 


oppoſite refractions are emplayed ; ſo that in the retraction 
which takes place in the confine of two ſuch mediums, the rays 


of light are ſtill unequally refrangible. But inſtead of the de- 
gree of refrangibility being, as in common refraction, accor- 


ding to che order ef che colours, red. orange, yellow, green, 


blue, indigo, violet, the priſmatie ſpectrum is, as it were, 


doubled, the rays. being, at the ſime time, compreſſed nearer 
to each other; and their degrees of refrangibility being now 
according to the following order: Red and violet united, the 
leaſt refrangible; next to theſe in refrangibility, the orange and 
indigo united; then the united yellow and blue and, laſtly, 
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Tuis fact now eſtabliſhes on ths e ee that the 
barn of the heterogeneal rays'is not to be removed by a 
combination of crown-glaſg-with flint{glaſs,' or with thoſe dif. 
perſive fluids employed in the object-glaſſes, with which the 
experiments above related were made, diſcovered a'moſt 'im- 
portant problem in optics; namely, the entire removal of the 

aberration from the difference of Nets: Meer - light by my 
combination of mediums Wwhatev er. 

Tais problem, it was evident; was only to be FLAT by 
again having recourſe to the volume of nature, and ſearching 
out the hidden qualities of refracting mediums. Though in 

all the compound object-glaſſes which were examined. after be- 
ing rendered as achromatic as poſſible, the ſame colours ap- 
peared, and in the fame order; yet every trial could only be 
conſidered as ſpeaking for itſelf, if the expreſſion may be al- 
lowed. The experiments were indeed numerous, and will, I 
hope, be found to have been made with ſufficient cure and at- 
tention; yet to have formed from them any general concluſion, 
that in every endeavour to unite the rays of all colours, by a 
combination of mediums differing in diſperſive power, the 
green rays will emerge moſt refracted, and the red and violet 
leaſt refracted, as above explained, could only ſerve to prevent 
farther inveſtigation, by repreſenting the perfection of the 
theory of eie enge &'4 REG as 2 * at- 

+ Tag odd which proceeded fuer to explore chis r 
ject was the following: 

HAvix o found 8 of W as ane deſcribed, in 
combinations of crown-glaſs with the eſſential oils, and in com- 

| binations of crown-glaſs and flint-glaſs, when the refraction 18 
rendered 
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rendered as colourleſs as poſſible, I began by trying other diſ- 
perſive mediums, which owe this property to different metallic 


of finding ſome diſperfive medium, which might ſeparate the 


differently refrangible rays in the ſame; proportion in which 


crown-glaſs does, and thus afford a method of refracting all of 
them alike, and conſequently without colour. But I was diſ- 


appointed. The compound object-glaſſes, formed of 'a variety 
of diſperſive fluids and crown: glaſo, exhibited green and purple 


fringes, as before, „eee ron cer ae 


two mediums not to be proportional. +311 027 20 

Mx next ſtep was to vary the Weender age ish lind 
entimiy as u Teffucuug wnediiuns,” and only employing it to con- 
fine the fluids. As a fluid medium was here to be uſed as a 
convex lens, thoſe which had been found leaſt diſperſive, were 
to be made choice of. Accordingly, water, ſpirit of wine, | ni- 
trous and vitriolic æther, and all the limpid indiſperſive fluids 
I could come at, were made trial of. - But ſtill the reſult was 
the ſame. eee, neee getan ACRES ve eee 
half the abject glam of bara off odd age 

I xu ſubſtituted eee eee 
Give kinds Wt neon inn ddl ee with no better 
ſucceſs. Mn: 

{ Nuve-dSmbb6iS des effenctial oils} oh of them wore di; 


rn than crown-glaſs; but differing ſo conſiderably in 


reſpect between themſelves, that the leſs diſperſive 8 


uſed as a convex, while the other was ſo diſpoſed as to perform 
the office of a concave. For it will eafily be - underſtood, that 
lenſes of any kind may be formed of fluid mediums; by in- 
cluding them between glaſſes, which have one fide formed 
convex, and the other concave, to the ſame radius, and thus 
ſerve merely to confine the fivids;' without producing themſelves 
any effect in refracting the light. If a flat fide is wanted, a 
r 2 0 
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concave lenſes of this kind, I GN e e 
— > 1 we (eters wile 

Tur effect of the above benden which RENE oil of 
turpentine with a mineral oil; I immediately perceived to be 
different from what was obſerved in the preceding trials. The 
green and purple fringes ſtill appeared, and they lay in this fame 
order as before; but their mn Was Wange r 
n Fern go bh tüte 

Tuts new fact was the only — of this luſt fer of Hideri. 
ments, which were attended with much trouble and loſs of 
time. For to make them with the "requiſite degree of preci- 
ſion, pains muſt be taken, not only; to get the refraction as co- 
lourleſs as the qualities of the mediums will admit; but alſo to 
compute the error from the ſpherical figure, and procure lenſes 
accurately ground to the ſpheres vieh ure required: Unleſs 
theſe points are yy mum to, cee eee is not 
to be ene ud. inet eds i fa er notion bn . 

I now: coiderech how this duminution of the dresdch of 
the coloured fringes, obſerved in the laſt mentioned experiment, 
might beſt be turned to account. In the firſt place, it Was ob- 
vious, that an object: glaſs, formed by a combination of the 
mediums uſed in that experiment, would have an advantage 
over others, in which the correction of the aberration from the 
difference of refrangibility is more imperfect; But as this 
fault, though greatly diminiſhed, would ſtill prevent the ule of 
high magnifying powers, I weighed the circumſtances more 
OR? and the matter appeared to me in the 33 
13 lil HOW N l enn 5 

A convex lens, fotrned! of the leaſt: diſperdve of — tes 
el oils, being ſo combined with a contave lens, formed 
of that which is moſt diſperſive, as to unite the red and violet 
rays, leaves fringes of - uncorreQ&d colour, much narrower 
than thoſe produced by compound object. glaſſes of the ſame 
focal diſtance, formed by à combination of either of theſe ww 

Falle: N. | 
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with glaſs. Hence I was led to conclude, that if I took an 
achromatic convex lens, compoſed of the two eſſential oils, and 
combined it with an achromatic concave lens of a longer focal 
_ diſtance, compoſed of crown-glaſs. and either of the eſſential 

oils, 1 ſhould be able, through fuch a double compound object- 

glaſs, to converge the rays to a focus, without any aberration 
whatever from the difference of refrangibility of light. For if 
the compound convex and compound concave are properly pro- 
portioned to each other, the ſecondary ſpectrums, or fringes of 
green and purple, may be rendered of the ſame breadth in both 
lenſes ; and from the obfervations before related, this will hap- 
pen when there is a conſiderable balance of refraction in favour 
of the convex lens. For it is compoſed of materials which 
form a much narrower ſecondary ſpectrum, under an equal re- 
fraction of rhe whole pencil, than — of which 


the compound concave is formed. ST 

Tunis will be underſtood, ene 0 oe bd er 
in the refractions of light through the lenſes, e - ee 
n e pt oorinw 0 erp 15 


* 18 


Fi. 17. repreſencs en uus, „ bermed of 2 
concave lens of glafs, and a lens of a diſperſive fluid,- 
but of a ſhorter focus than the concave lens, and fo proportion- 
ed as to produce à refraction as free from colour as can be ob- 
taine& by a combination of theſe two mediums. This lens 
being expoſtd to parallel rays, will make them diverge, aſter re- 
fraction, from its virtual focus, and the united red and violet 
rays will be the leaſt refracted, and will de inclined in à certain 
angle to the green rays — are err i a8 * 
in n the 8 ja” REM: 36 \ 
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ric. 18. W a RE HO convex _ -fortbed of 
1 convex of an eſſential oil,” which diſperſes the rays in 
a bn a combined with a concave of aàn eſſential oi, 
which 
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which diſperſes the, rays in a much greater degree, The 
convexity of this compound lens is ſuch, as to unite, at 
a convenient diſtance, rays diverging as from the virtual 
focus of the compound concave. - The whole refraction 
through the convex is conſequently much greater than through 
the concave. .. But notwithſtanding this, the angle formed by 
the green ray with the united red and violet rays, is repreſented 
equal in the two lenſes. For as the effect of the mediums of 
which the compound concave is formed, is to ſeparate the united 
red and violet rays from the green rays, much more than thoſe 
of which the compound convex is formed, when the refraction 
of the pencil is equal, it becomes neceſſary, in order to render 
this ſeparation equal in both en to diminiſh we refraction 
chrough the concave. 
A object-glaſs formed of uch a comonnnd concave and 
compound convex, appears more complicated than it is in rea- 
lity. It may be rendered complete without employing more 
than two fluid mediums and three glaſs lenſes, which were 
found neceſſary merely to correct the aberration from the ſphe- 
rical figure. 'Thus, in the nineteenth figure, the two compound 
lenſes are repreſented in contact; and it is manifeſt, that the 
pieces of plain glaſs with parallel fides, which were neceſlary to 
confine the fluid when the lenſes were ſeparate, are now uſeleſs ; 
for it is the very ſame fluid which is on both ſides of theſe 
| plain pieces of glaſs ; and as they produce no effect in refract- 
ing the light, * are better removed, as e, in this 
figure. A 
PARALLEL rays incident on the concave lens, are here re- 
preſented converged to a focus, without any aberration what- 
ever. This is a neceſſary conſequence of what hath been. re- 
lated concerning the properties of the refracing ene of 
which this compound object-glaſs is formed. we 

In both the concave and convex, the red ah ler rays are 


wied. and form the leaſt refrangible rays, and in both, the 
green 
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green rays are the moſt refrangible. But as the angle formed 


by theſe moſt and leaſt refrangible rays, would be much 
greater in the concave if the whole refractions were equal, the 

whole refraction is here repreſented to be preciſely that which 
is requiſite for giving the ſame inclination of the green rays to 
the united red and violet rays; which takes place after refrac- 
tion through the convex. Hence, as theſe refractions are equal 


and oppoſite, they deſtroy each others effect. The rays proceed 


after refraction without any divergency from unequal refrangi- 
bility; and the aberration from the ſpherical figure being alſo 
corrected by means of the concave glaſs lens, which is more 


denſe than either of! Gs fluids, ahey's are converged, to ods! ſe 


point. 
Tux 3 e ee in theſe figures, is not, —— 
ever; the moſt perfect and convenient for the purpoſe. The 


beſt method is to divide the concave glaſs neceſſary for re- 


moving the ſecondary colour, by making two of the lenſes, or 


all three of them, concave meniſcuſes. But throwing the 
whole concave glaſs into one lens, and exhibiting the compound 
convex and compound concave: lenſes: ſeparately, anſwers beſt 

the preſent purpoſe of explaining the principle on which the 
aberration from unequal refrangibility may be totally removed. 


On the ſame account, the difference of the diſperſive power of 


the two fluids, is repreſented greater than it is in reality. 
Havi completed an object - glaſs of this kind, I carefully 
examined whether any colour was yet diſcernible. For though 
the red and violet and green rays were now united, it was a 
thing poſſible, that rays of other colours might ſtill have a ſmall 
inclination to theſe. But I could diſcover no colour by the 
moſt rigid teſt; and therefore conclude the refraction of all 
the rays of the ſpectrum to be now equal. If there be any de- 
viation from this equality of refraction, it is inſenſible; and 
inſenſible errors, in thoſe caſes where ſenſe is the only judge, 
may be accounted no errors at all. 94 
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I HAD. now attained the object I was in ſearch. of, namely, a 
method of refracting equally all the rays of which light is 
compoſed. Nor was the conſtruction of object · glaſſes for tele- 
ſcopes, which it afforded, liable to any very material objection. 
The principal inconvenience aroſe from the neceſſary depth of 

the ſpheres of the lenſes required, which was now the only re- 
maining obſtacle to ſhortening: * 24 teleſcope. at plea- 
ſure. 

In the firſt trials 1 made to diſcover A Ae medium 
which ſhould ſeparate the rays in the ſame proportion in which 
glaſs does, I was in hopes of perfect ſucceſs, and therefore 
not at all curious in obſerving the breadths of the coloured 
fringes, ſtill hoping that the next trial might afford a refraction 
without any colour whatever. I therefore thought it expedient 
to repeat ſome of W with We, attention Ca E 
ſtance. O87; 

Tx firſt fluid I {navy to $197" trial 1 Was a alk 
ſolution with a mixture of marine acid. Upon comparing an 
object · glaſs, rendered achromatic by this ſolution, with another 
as nearly ſimilar to it as poſſible, in which an eſſential oil was 
employed for that purpoſe, the breadth of the coloured fringes 
appeared indiſputably much narrower in the former than the 
latter *. I repeated the experiment frequently, to enable me to 
judge of the proportion of focal diſtance of a compound con- 
cave, neceſſary to correct this ſecondary colour, upon the prin- 
ciple which hath juſt been explained. Upon à comparative 
trial, 1 found it better to form the compound convex of à com- 
bination of this Auid and glaſs, than of a combination of two 
eſſential ozls. The convex was not only ſhorter itſelf, with the 
n depth of W N but ehe ang a en W 

© |  » concave 


Tax cauſc, at that time unknown, 3 
an unuſual proportion of the marine acid; as will be underſtood | from what 
6 8 . 
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coucave lens to remove the calour entirely. The colour may be 
tatally remqvedi and the aberration from the figure correcled, 
by à conca ve which lengthens the focal diſtance of the tonver 
any ee thide tt boaogtib H cee ee itte 
» From what! hath been. explained reſpecting the: total correc- 
tion of colour; it will be under ſtacte that if the concant 
lengthens the focal diſtance beyond what is; gequired, fringes: 
of green and purple ought to begin to appear in an inverted. 
order. This, which may be ſtyled che experimentum_ crucis in 
this matter, I now had it in my power to try without diffieulty. 
The reſult turned out exactly as | expected:> ., Upon applying a 
compound concave, Which nearly doubled the length of the 
compound: convex, a fringe of green appeared within the focus, 
anda fringe of purple beyond it, which ſets dhe theory of the 
en of this dna. colour. in the! moſt motel 
ght. . 123 e ul 0713 10 Göstte 1109 4917 
Tun eden cancave in tie and al hs Nessdtae eber. | 
ments, was formed of glaſs and an eſſential oli 
I Now happened, merely wich a view of FR” OI whe 
experiment, to apply; | a- compound concave, formed of | 
combined-with the muriatit acid, which has been mentioned ag 
2 fluid poſſeſüng a conſiderable degree of diſperſive. powet., 
This opened anew and unexpected ſcene. The colours ap- 
peared in the fame arder as in the laſt: experiment, but ha 
fringes were ſo very broad) as greatly to ſurpriſe me, and create 
2 ſuſpicion that every thing was not as I had hitherta taken for 
granted. Without delay I included ſome of the marina acid 
between two convex: lenſes, whoſe radii were duly proportioned 
to the diſparſive power of that fluid, for! the purpoſe of: core 
recting the colour. Upon applying an eyerglaſs I found my 
ſuſpicion veriſied·¶ The fringes of green and purple appeared 
nearly of the ufual breadth; but in an} inverted order there 
being now a green fringe within the fteuls, and a purple fringe 
N it · I was the better pleaſed at being thus led to the 
193 (3: : detection - 
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detection of this fingular property of the acid of ſeailalt; be. 
cauſe, in making the ſame experiment before, this inverſſon of 
the order of the colours had entirely eſcaped me. I Was then 
| examining it, to find whether it diſperſed the ſeveral orders of 
rays, in the ſame ratio in which glaſs does; and" being ſatisfied 
that it did not, from obſerving the green and purple fringes; as 
in other combinations, a cireumſtance ſo little looked for; as 
the inverſion of the order of the colours, did not ſtrike me: 
Tuts obſervation, affords a'remarkable exception to what 1 
had begun to conſider” as very probably à general law.of na- 
ture. In the refraction which takes place in mediums of the 
leaſt diſperſive kind, the green rays, or rather perhaps the rays 
in the confine of green and blue, are the mean refrangible, and 
theſe ſame rays, in the more diſperſive mediums, were always 
found among the leſs refrangible rays; and hence when; by a 
proper combination of two ſuch mediums, the red and violet 
rays are united, theſe united red and violet rays conſtitute the 
leaſt refrangible rays, and the „e CE the un refran- 
A rays, as before explained. en 
Bur in the muriatic acid, the 5 is juſt the ARS of "I 
Then the green rays; which in mediums chat difperſe/the leaſt, 
are the mean refrangible, and which in eſſential oils and metal- 
lic impregnations are found among the leſs refrangible, appear 
amongſt the more refrangible. Whence in ſuch a combination 
of che muriatic acid and an inneren net fun as 3 unite 


e 


Watte 
Of 


moſt reffagibll ad thi hokadenhckt) KING rays emerge leaſt 
refrangible, being juſt the reverſe of hat takes place in com- 
binations of crown“ glaſs with in or 1 efſential 'ouls, 


7 


: or ſaturated metallic ſolutions. ny {7 #9105 1d Jai 

Tuis unuſual property of us marine racidh does” not, how- 
ever, ſeem to admit of any immediate application to the im- 
provement of optical inſtruments. It is true that, inſtead of 


mien recourſe to a ——— concave for correQing the ſe- 
condary 
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condary, colour, . this may be eſſected by a compound convex, 
which, inſtead of lengthening, will ſhorten the -focal-diſtarice 
of the compound objeQt-glaſs. ., But: in a, conſtruction of this 
kind, the correction of the spherical aherration would. ne ate 
| rended with More; difficuley. ... e 44 © n 1 
_ Hayins. thus, found, an, exception;to the on reſule je ray 
former experiments, which was, that thoſe. rays which in the 
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are in more diſperſive mediums, found amongſt the leſs-refran- 
gible rays, it ſeemed not improbable, that diſperfive mediums 
might exiſt, which would ſeparate the differently coloured rays 
exactly in the ſame proportion in which they are e by 
indiſperſive mediums. DRY 1 

I nap nom indeed got hold of a Peter ſure clue to lead me 


what has been ſaid concerning attraction, that hen in a me- 
tallic ſolution or an eſſential oil, which ſeparate the red and 
violet rays in the ſame degree in which they are ſeparated by 


frangible rays in the former fluids, and amongſt the more re- 
frangible in the latter fluid, the cauſe of this difference muſt be, 
that the green light i is more attracted by the marine acid than 
by eſſential oils. or metallic ſolutions, . when the attraction for 
the red and violet light is the ſame in all theſe mediums. _ 

Hencs it ſeemed reaſonable to, conclude, that in a medium 
compounded in a due proportion of the particles compoſing 
theſe two. kinds of diſperſive, mediums, the attraction for the 
green rays would be in an intermediate degree, and might be 
rendered the ſame, in proportion to the attraction for the red 
and violet rays, which obtains. in crown-glaſs and other indiſ- 
perſive mediums. Wia un dene ant el ba 

Ir might be found a matter of no ſmall difficuly'-to. unite 
the f en be eee eee ee 
_—_ 781 „„ | KEY 


leaſt diſperſive mediums conſtitute the mean refrangible rays, 


to mediums poſſeſſed of this, property. It will appear from | 


the marine acid, the-green rays are found amongſt the leſs re- 


52 0. che UNESUAL © 


leſs tranſparent fluid. But nothing! enn de berer ben for 
4 . mee, than metallic ſolutions, s. 

I rrnst made trial of butter of antimony, and found: the 
refuk/iobe what I expected. On increaſing the proportion of 
muriatic acid, the fringes of green and purple grew” narrower 
and narrower till they entirely difappeared, and if mote was 
then added chey xe · appeared in an inverted” order. I tried the 
ſame thing with a ſolution of crude fal ammmoniac and mercury 
ſublimate. If the ſolution contains a certain proportion of 
theſe two fubſtances, the rays of all colours emerge from the 
compound object-glaſs equally refracted. If che proportion of 
the ammoniacal falt, and conſequentiy of the muriatie acid 
which it contains, be increaſed, the green rays, Which were 
the mean refrangible in the diſperfive fluid, as well as in crown- 
glaſs, draw nearer to the violet, making a part of the more re- 
frangible half of che ſpectrum, and conſequemtly emerge Tels 
refracted than che united red and violet rays, and are converged 
to a focus at a greater diſtance from che object laſs ; fo that 
the green fringe now appears within the focus, and the purple 
fringe beyond it. But on increafing the proportion of mercu- 
rial particles, theſe ſame green rays thift their firuation to the 
lefs refrangible half of the ſpectrum, which appears from their 
now emerging moſt refracted, and being converged to a point 
nearer to the object - glafs than the united red and violet, whoſe 
refrangibility does not appear to be affected by theſe ad mixtures 
which occaſion ſuch remarkable fluctuations in the refrangibi- 
liry of the green rays/and other intermediate orders. It may 
pollibly ſeem ſtrange at firſt view, that the 'preen/ rays ſhould 
+ emerge moſt refraQed from the compound obje-glaſs, when 
their refrangibility in the difperfive medium is diminiſhed, 
and leaſt refracted under the contrary'/circumiſtances. ''The 
cauſe. of this is, chat che principal refraction'vf-rhe compound 


Ne performed "Tips the indifperfive convex e 
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|  perfive medium, and a denſe indiſperſire medium, there may 


be a ſingle refraction, in which all the rays are equally refran- 


gible ; and it has fince been explained with what limitation 
this is to be underſtood, in conſequence of the unproportional 


diſpergon ; which generally takes place in ſuch mediums; of 
which 1 was then ignorant. The explanation which refers to the 
ſecond, third, fourth and fifth diagrams, and to the object- 
glaſs repreſented in the ninth figure, is to be conſidered as ſtrict- 
ly juſt, when, in the fluid employed, the metallic particles are 
1 fur dimmithed, and the particles of marine acid ſo far in- 


_ creaſed; as to ene ebe eme 


proportional in both mediums. 

I nA got an object -glaſe of is Kind, whict' is ebenen 
in the twentieth figure. There are two refractions in the con- 
fine of glaſs and the fluid, but not the leaſt colour whatever. 


Hence it is manifeſt that in che refraction which takes place in 


the confine'of glaſs and this fluid, and which, on account of 
the difference of their demſities, is very confiderable, there is no 
unequal vefrangibility of igt. The rays of different colours 
are bent a0 e- een eee TIFFANY emen 


regularity as in reflectinn. 


JFF achromatic to 
that kind of refraction in which there is only a partial 'vor- 
reQion of colour, in order do avoid confuſion, 1 ſhall beg per · 
ern u used an Wasch esp IRIS i gu HY | 
term aplanatie *, will a better can he thaughe af. eh 
Bron olofing this/cnquiry concerning Aa 
ties of tranſparent ſubſtanoes, I examined more minutely than 
had done before; the qualities uf che other mineral acids; 


OI ggg, dee I a Ras 1 | 
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* From the Greek « re, and the verb Ian. 
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the marine acid, does not diſperſe the red and violet rays quite 
fo much. The green ray, as in the marine acid, is found 
among the more refrangible rays ; but it approaches nearer to 
the place of the mean refrangible ray in the nitrous acid than 
in the marine. The green ray is alſo nearer to the place of the 
mean refrangible ray, than it is in eſſential oils or in ſaturated 
metallic ſolutions; and therefore the nitrous acid appears by 
theſe experiments to diſperſe the ſeveral orders of rays more 
nearly in the ſame proportion in which crown - glaſs does, than 
any uncompounded diſperſive medium, and would, I have no 
doubt, do ſo exactly, if ſlightly pee fe with ercney; 
though this I have not tried. 

Taz vitriolic acid is ſcarcely to be claſſed n - diſperkire 
mediums. The following experiment 1s the laſt I made on the 
ſabjet. In a very good objea-glaſs, of that kind before de- 
ſcribed, in which ſpirit of wine is one of the mediums em- 
ployed, I ſubſtituted ſucceſſively for this ſpirit the vitriolic 
acid and a ſolution of fixed alkaline ſalt, both of them of near- 
ly the ſame mean refractive denſity as the ſpirit of wine. Theſe 
three fluids,” although they differ ſo widely in their chemical 
properties, have their optical properties ſo nearly alike, that I 
found it difficult to determine which was the medium em- 
ployed. For when the. ſecondary colour is not ;corrected, as 
was the caſe in this objeQ-glaſs, the change of colour produced 
in the green and purple fringes to render it apparent, muſt be 
conſiderable, a ſlight ſhade of difference not being cafily di- 
ſtinguiſhable. I therefore repeated the trial with an ohject- 
glaſs, in which this green and purple light is totally removed ; 
and then both the vitriolic acid, and the ſolution of fixed al- 
kali, when of equal mean refractive denſity with ſpirit of wine, 
appeared very ſenſibly more diſperſive than the ſpirit· The 
difference in this reſpect between the acid and the alkali was 
ſcarcely to be diſtinguiſhed ; and the eſfect of a ſolution of 


com alkali appeared to be _— the ſame. s as. that of 45 
| 1 
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alkali of equal denſity. By ſimilar trials, che phoſphoric and 
acetous acids were N to be enn more ae 
than ſpirit of wine. 
At rnovon cheſe \enperichettts arich componen object-glaſcs 
of very large apertures, afford both the readieſt and moſt accu - 
rate method of inveſtigating the optical properties of refracting 
mediums, it would be both amuſing and inſtructive to repeat 
them with compound priſms. I could have wiſhed in particu- 
lar, had my preſent ſituation been convenient for the purpoſe, 
to have taken the dimenſions of the ſecondary ſpectrum, under 
given angles of incidence and refraction. For by comparing 
theſe with the dimenſions of the primary ſpectrum, accurately 
aſcertained by Sir Is AA NzwToON, the degree of ſuperiority 
of an object-glaſs compoſed of crown and flint glaſs, over a 
fimple object- glaſs, and of one in which there is a regular re- 
fraction of all the rays, over both, might be aſcertained. At 
preſent, I ean only ſtate the circumſtances of a compariſon I 
made between two compound object- glaſſes of equal apertures, 
but very unequal lengths. One was compoſed of crown-glaſs, 
ſpirit of wine and an eſſential oil. The focal length is about 
fourteen inches, and the aperture two inches. The other ob- 
ject- glaſs was of crown and flint · glaſs j its focal length thirty- 
two inches, and its aperture two inches. I had it for a good 
one of its kind, and 1 examination TOW no gen de- 
fect in its ſtructure. I 
Tux ſhort teleſeope His alen 1 in be WI 
cſpetiatty in viewing fine objects, fuch as double ſtars of infe- 
rior magnitudes, where the uncorrected colour is leſs hurtful. 
Bor I was farpriſed,” on viewing an object in bright ſun- 
ſhine, to find conſiderably mote of that miſtinefs which ariſes 
from the unequal refrangibility of light, than appeared in the 
long teleſcope. I therefore diminiſhed the aperture of the 
ſhort one to one inch and a half, and comparing them again, 


there appeared no more of this miſt in the one than in the 
| | other. 
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other. I farther reduced: the aperture of the. ſhort, one to one 
inch, when. it became manifeſtly clearer. than the, long, one, 
though, upon examining the coloured fringes, by covering half 
the obje-glats, they ſtill appeared. of ſuch. a OR bil n 
neceſſarily hurt the diſtinct nes. 

I yave here given the reſult of this, 1 ne find ; it 

noted down. Being made with no view to the determination 
of the point in queſtion, the accuracy neceſſary for that purpoſe 
was not obſerved. It would appear, however, from this groſs 
and indirect trial, that che aberration from unequal refrangibi- 
lity would not differ very matetially in theſe object · glaſſes, ſup- 
poſing their apertures and focal diſtances to be equal; though 
in one the partial correction of colour is eſſected by a combina- 
tion of flint-glaſs and crown-glaſs, and in the other by a com- 
bination of crown-glaſs and ſpirit of wine, with an eſſential 
oil. If this aberration. were exactly equal in both combina- 
tions, the miſty indiſtinctneſs proceeding from it ought to be 
the ſame in both object-glaſſes, when the apertures and magni- 
fying powers applied, are as the . roots of cheir ee 
focal lengths. 

Ir would appear that che aperture 4 an \ objeA-glas, com: 
poſed of crown and flint-glaſs of thirty-two inches in focal 
length, ought not to exceed two inches, and therefore that three 
inches is too large an aperture fox one of forty- two inches focal 
length; for the lengths in theſe two caſes ought to be as four 

to nine. In ſome teleſcopes of this latter kind, I have obſerved 
a great deal of uncorrected colour, which prevents them from 
bearing magnifying powers, in proportion to the - aperture of 
the object-glaſs. It is indeed but ſeldom that the union of the 
differently refrangible rays is ſo perfect as the conſtruction ad- 
mits. I have met with others in which the teal aperture is fo 
far contracted, by diaphragm _— an. 25 tube; as 
mmm ted. $44 : n 
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From inſpeQting the tables of the lengths and apertures of 
teleſcopes with ſimple object- glaſſes, it will appear, that the re- 
quired length for an aperture of two inches is about thirteen 
feet. This exceeds two feet and an half, the length given to an 
achromatic teleſcope, whoſe objeA-glaſs is two inches in dia- 
meter, between five and fix times. The length of the ſtandard 


Hugenian teleſcope, whoſe aperture is three inches, is thirty 


feet. This is between eight and nine times the length of an 
achromatic teleſcope, the aperture of which is likewiſe three 
inches, and its length three and a half feet. But if the aber- 
ration from unequal refrangibility be diminiſhed to the ſame 
degree as in the thirty inch teleſcope, the length muſt be in- 
creaſed, from three and 'a half feet, to above five aud a half. 
For its length muſt be to thirty inches, the length of the two 
inch aperture, as the ſquare of two to the ſquare of three, and 
then the teleſcope with the fimple object-glaſs will only exceed 
it in length between five and fix times as before. 

Tus obſervations which have been mentioned put-it beyond 
a doubt, that the limit to the apertures and magnifying powers 
of hat have been improperly called | achromatic teleſcopes, is 
the very ſame which limits the performance of teleſcopes with 
ſimple object-glaſſes, namely, the ' unequal refrangibility of 
light; and it would ſeem that the aberration from this cauſe 
may be diminiſhed, by a combination of lenſes of crown and 
flint-glaſs, between five and fix times. 

Sir IsAac- NewrTon, by accurate experiments, hath Aide 
mined the diameter of the "leaſt circular ſpace within which 
parallel rays of all kinds can be collected by a ſimple lens, to be 
one fifty: fifth part of the diameter of the aperture of the lens. 
If the aberration from unequal refrangibility in a compound 
objeQ-glaſs, vitiates the diſtinctneſs leſs than in a ſimple object- 
glaſs, in the proportion of one to ſix, it may ſeem a reaſonable 
concluſion, that the leaſt circular ſpace within which parallel 
rays of all kinds can be gathered by an object- glaſs compoſed 
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of crown and flint-glaſs, ought to be one ſixth of one fifty- 
fifth part of its aperture, The difference in the focal lengths 
of the eye-glaſſes will then render the indiſtinctneſs nearly 
equal in the two kinds of object-glaſſes with equal magnifying 
powers, in all caſes where their apertures are equal, dojo their 
lengths as one to ſix. 

THERE is, however, a circumſtance of the © moment 
to be taken into account before this concluſion can be admitted, 
which 1s, that not merely the diameter of the circle of aberra- 
tion is to be conſidered, but alſo the ſpiſſitude of the rays, 
both within that circle 1n general, and at different diſtances 
from its centre. The rarity of the light in the fimple ſpectrum 
is ſuch, that the aberration hurts much leſs than might be ex- 
peed. But in the ſecondary ſpectrum, as two orders of co- 
loured light are united, the imperfect union of the rays by 
the compound objeQ-glaſs, will hurt the diſtinctneſ much more, 
in proportion to the extreme divergency. 

Ow this account it is to be expected, that the nm. 
lengths of the ſpectrums, when the experiment comes to be 
properly made, will turn out leſs than as one to fix, notwith- 
ſtanding the degree in which the diſtinctneſe is hurt in the two 
kinds of teleſcopes, from the unequal any ern! of light, 
may be nearly in that proportion. 

Tas principal improvement of refracting teleſcopes, pointed 
out by the preceding experiments, confiſts in an entire removal 
of this aberration from the unequal refrangibility of light. It 
appears from the performance of the ſmall teleſcope above men- 
tioned, in which the ſecondary colour is not removed, that con- 
ſiderable advantages may alſo be expected from ſubſtituting a: 
more perfect medium for flint- glaſs; from a more perfect cor- 
rection of the aberration from the ſpherical figure ;. from pre- 
venting that loſs of light by reflection, which takes place when 


light enters into, or emerges from denſe mediums ſurrounded 
Þ AN with: 
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with air ; and from diminiſhing thoſe errors which heals from 
faults in the workmanſhip. , - 

Taz diſadvantages under which reflecting 0 labour, 
ariſe from their requiring larger apertures to tranſmit the ſame 
quantity of light; from being found to be more affected by 
imperfections of the atmoſphere than refracting teleſcopes, and 


being liable to tarniſh; but principally from imperfections in 


the workmanſhip of the object ſpeculum hurting their perform- 


ance much more than equal imperfections in the object. glaſs 


hurt refractors. 

Tus deviation of a ray ent its intended 120 occaſioned 
by an imperfection in the figure of a reflecting ſpeculum, is to 
its deviation, ariſing from an equal imperfection in a lens, as 
four to one, when the ray paſſes from glaſs into air, and in the 
proportion of fix to one, when it paſſes from air into glaſs. At 
a medium, therefore, it may be ſtated as five to one. It follows 
from hence, that ſuppoſing all other cauſes of imperfection re- 
moved but this of workmanſhip, and that the metal of ſpecu- 
lums were capable of as good a poliſh as glaſs, and of reflecting 
as much light as glaſs tranſmits, ſtill the perfection of the 
images of objects formed by refraction would greatly exceed 
thoſe by refleQion. 

Sucn'is the caſe in the uc which take place in the 
confine of glaſs and air. But in the refractions made in the 
confine of glaſs, and mediums of greater denſity than air, the 


difference is ſtill much greater. 


Taz proportion of the fine of the angle of incidence to 1 00 | 


fine of the angle of refraction of a ray in paſſing. out of one 
medium into another medium, is compoſed of the proportion 
of the fine of the angle of incidence to the fine of the angle of 
refraction out of the firſt medium into any third medium, and 
of the proportion of the fine of the angle of incidence to the 


fine of the angle of refraction, out of that third medium into | 


the ſecond medium. 
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Tarvs, if the fine of the angle of incidence of any ray, in 
paſling out of glaſs into air, be to the fine of its angle of re- 
fraction as twenty to thirty-one, and the ſine of the angle of 
incidence of the ſame ray, in paſſing from air into oil of tur- 
. pentine, be to the fine of its angle of refraction as twenty-five 
to ſeventeen, the proportion of the fine of the angle of inci- 
dence of that ray, to the fine of its angle of refraction, in palſ- 
ſing out of glaſs into'oil of turpentine, will be as five hundred 
to five hundred and twenty-ſeven. 

HENCE the point to which light is converged by hi refrac- 
tion of a ſpherical ſegment of glaſs, ſurrounded with oil of tur- 
pentine, will be found to be above eighteen  ſemi-diameters of 
the ſphere from the apex of the lens, when light paſſes from 
oil of turpentine into glaſs, and ſeventeen ſemi-diameters of the 
ſphere diſtant from the ſpherical ſegment, when light paſſes 
from glaſs into oil of turpentine ; whereas in glaſs ſurrounded 
by air, the focal diſtance in theſe two caſes is only two ſemi- 
diameters, and three ſemi-diameters; and when light is con- 
verged to a point by a concave reflecting ſpeculum, the focal 
diſtance is only half a ſemi- diameter of the ſphere to which the 
ſpeculum is ground concave. Now, in all theſe caſes, the er- 
rors of the rays ariſing from imperfections in the workmanſhip 
of object-glaſſes, or object - ſpeculums, are as the focal diſtances. 
to the radu of convexity; ſo that what Sir Is AAc NewTON 
mentions, of his having nearly deſpaired of reflecting be 
from this conſideration, need not be wondered at. 

Tun great pains, however, which he took with his own: 
hands, and the ingenious methods which he ſuggeſted, and 
which have been ſo ably proſecuted ſince his time, have 
gone farther than could be expected towards obviating this 
fundamental fault of reflectors. Whatever can be perform - 
ed by reflection, may be expected from the long experience and 
indefatigable exertions of Dr H ERSC, aided by the counte- 
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nance and liberal ſupport of the Royal Founder of our nage 


the general Patron of Science. 
- I APPREHEND there is a cauſe which will render ſhort tele- 


_ ſcopes always more diſtinct than long ones, where all other cir- 
cumſtances are, as nearly as poſlible, alike ; and that it has 


operated in favour of reflecting teleſcopes. It is well known 


that groſs bodies act on light at a diſtance. Some phenomena 


E have obſerved, appear to me to put it beyond doubt, that light 


alſo acts upon light, in ſuch a way as to propagate this action 


of groſs: bodies much farther than is imagined. But I muſt 
delay entering farther on this ſubject; and ſhall: only obſerve, 
that it was principally with an eye to this circumſtance; that I 
endeavoured. in my attempts to execute object-glaſſes on the 
above en, to nn e os © Te" to the - ut- 
moſt. 18 989 0b ty 

Ir will be 3 that * ls 8 Kae vw 
difference of refrangibility of light, and from the ſpherical fi- 
gures of lenſes are removed, there remains no farther limit to 
ſhortening teleſcopes, excepting from ia eſis yours of the 
ſpheres and thickneſs of the glaſſe. 

Ln that in ſmall object-glaſſes of about nine inches foeal 
length, che aperture may be inereaſed as far as three inches, 
and hardly beyond this, on aceount of the quick increaſe of 
depth of the / ſpherical ſurfaces, and thickneſs of the glaſs. 
From the difficulty found in procuring good glaſs of ſufficient 
thickneſs, it may perhaps he better to make the aperture for 
common purpoſes. leſs than this. I ſhall therefore ſtare it at two 
inches. Hence the lengths neceſſary for increaſed apertures 


may readily be found, as the increaſe of length is in the ſame 


ratio as the increaſe of aperture, a double aperture requiring a 
double length, and ſo forth. Theſe lengths and apertures may 
be compared with the lengths and apertures neceſſary in ſingle 


lenſes, and in day. kinds of fen 105 che common 
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Ir appears from the preceding experiments; that in com- 
pound object. glaſſes of crown and. flint-glaſs, there is only a 
partial correction of the aberration from unequal refrangibi- 
lity, and therefore in them, and others of that kind, the aper- 
tures and magnifying powers muſt only be increaſed in a ſub- 
duplicate ratio of the increaſe of length, as in ſingle lenſes. 

I wILL not pretend to ſtate with abſolute certainty the pre- 
ciſe aperture which an achromatic teleſcope of à given length 
ought to have. This, muſt be determined by experience. If 
two inches be taken for the greateſt aperture which ought to be 
given to a teleſcope of this kind two and thirty inches long, 
then three inches will be too much for one of forty- two inches, 
as hath been already obſerved. But whichſoever of theſe 
lengths and apertures be taken as the ſtandard, it is certain, 
that if we would avoid a greater degree of that indiſtinctneſs 
which is occaſioned by the aberration. from difference of refran- 
gibility, the aperture and magnifying power ; muſt not be in- 
creaſed in a greater proportion than the ſquare root of the in- 
creaſed length. Beſides, therefore, chat this imperfect correc- 
tion renders ſuch teleſcopes incapable of bearing high magni- 
fying powers for thoſe of moderate lengths, large inſtruments, 
if they were to be attempted, would ſtill be unmanageable, on 
account of their immoderate lengths. The focal length of an 
object- glaſs of this kind, four feet in diameter, would require 
to be upwards of fifteen hundred feet, in order to enable it to 
bear the magnifying power adapted to that aperture, with the 
ſame diſtinctneſs that is found in an object - glaſs two inches in 
diameter, and thirty-two inches in focal length. But when 
the aberration from difference of refrangibility is totally re- 
moved, the focal length of an en _ om diams- 
ter, need not exceed twenty feet. 

Haix mentioned to ſome friends the imperfett onion 
of the aberration from difference of refrangibility, which is 
obtained by the common combination of two mediums - 

| differ 
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differ in diſperſive power, I was informed that ſomething of the 
ſame kind had been obſerved by ſome foreign philoſophers, and 
in ame by the celebrated M. CLAikaut and M. Bos- 
OONTRW He anne 

Tus een of the former appears in'a Memoir of Tt 
French Academy of Sciences, of ſo old a date as the year 1757. As 
the paſſage relating to this ſubject is ſhort, and does great cre- 
dit to the author, as an accurate obſerver of the reſults of ex- 
periments, I ſhall beg permiſſion to tranſeribe it. Il y a en- 
© core un fait important que nos experiences nous ont appris, 
c' eſt que les corrections des iris faites par les priſmes combi- 


*« n6s, ne ſont jamais auſſi par faites qu'on le croiroit d' apres 


les termes de M. Dor Lon. Dans le cas du priſme de verre 
place dans l'eau; par example, après avoir fait varier les 
plaques qui determinent l' angle du priſme d eau, juſqu' au 


point ou les objects vis à travers les deux priſmes, ne paroiſ- 
ſent point decolores, du moins aux vdes ordinaires, on trouve 


q 722 placant ces priſmes dans la chambre noire, qu'il reſte toũ- 
jours quelque petit limbe de couleur vers les bordes de 
"” 1 du ſoleil, ce qui vient ſans doute de ce que les par- 


ties du ſpectre que chaque matiere refringente donne, ne ſont 


pas enactement proportionelles aux longueurs totales de ces 
ſpectres. Mais ces inégalites qui deminuent à meſure que 
les angles des priſmes ſont plus petits, doivent etre comme 
inſenſibles dans le cas des lentilles adofies, vii la petiteſſe des 
angles de refringence qui ont lieu alors.“ I ſhall only re- 
mark on this paſſage, that M. Cr Am ivr would have obſerved 


the uncorrected colour better, if he had made uſe of a much 
ſmaller pencil of light than he appears to have done, "Whd-- 


would not have concluded fo haſtily chat this uncorrected aber- 


ration was of little conſequence to the performance of tele- 
ſcopes, if he had recollected that the ſmallneſs of the angles of 


the lenſes age en peng enn n ee of 
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Mr Boscovicn- formed an hypotheſis concerning a perfect 
correction of colour, by a combination of mediums, which, ap- 
pears to have greatly miſſed him. As a combination of two medi- 
ums is neceſſary to unite two of the unequally refrangible-rays, 
he imagines three, mediums neceſſary to unite three, four to 
unite four, and, in ſhort, that to effect a perfect union of the 
rays of the ſpectrum, as many mediums are required as there 
are unequally refrangible rays compoſing it, that is to ſay, an 
indefinite number. He ſuppoſes, however, that! an union of 
three of the rays only, by means of three mediume, would 
greatly improve teleſcopes. This author ſtems to have founded 
his hypotheſis on the ſame kind of; looſe; analagical reaſoning,” 
which had before led the me n into a ſimilar mi- 
ſta ke us end dig 

Tux eye is e of Sew — and e 3 
and M. Boscovien takes it for granted, that a more perfect 
union of the rays than what takes place in a combination of 
crown and flint-glaſs, is effected by their means. But this is 
a ſuppoſition very remote from the truth indeed. 80 far is this 

ſecondary colour from being corrected in the human eye, that 
in then conſtruction of this admirable. organ, it liach been 
deemed unneceſſary to introduee any contrivande afor che cor- 
rection of the Newtonian aberration. Natura nilil agit fruſtru. 
The perfection of the Contriver equally appears from a mani- 
feſtation of his power, and of his œcoHOmicaltexertion of that 
power. On account of the ſhertneſs of the focal diſtance of 
the humours of the eye, in proportion to the aperture af .the _. 
pupil, the aberration from the ſpherical figure would be re- 
and ve find it obviated by the very elaborate artiſice of 

N the chryſtalline humour more denſe towards the cen- 

The aberration from difference of refrangibility might 

Na been removed, by imparting a proper degtee of diſperſive 
power to the vitreous humour: eee for 
the common purpoſes of life, is withheld. | 4 
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„Dr MagxtLyne has taken the pains to compute the quantity 


of this aberration in the eye, and is of opinion that it is not 


ſerted as à matter of fact, that the aberration from difference 


of reſtangibility is not corrected in che human eye, it will be 
expected that the probs on which this aſſertion is founded, 
mould be explained. Theſe are ſo ample as to leave no cauſe 
of uncertainty z nor are the neceſſary experiments attended with 
much trouble For it happens that the humours are better 
placed for the purpoſe eee ne 
them elſewhere, 

Wurm L:take the-penknife: PR APRN lies befors me, ning 
hold it between me and the ſky, at the diſtance to which the 
eye is conformed for diſtinct viſion, the blade appears diſtinct, 
and well defined. If the eye be now accommodated to a more 
diſtant object, the blade of the knife begins to be ſurrounded 
with a penumbra; and if this penumbra be carefully attended 
to, it appears to be coloured, and the colour next to the knife is 


1 ee enen. | 


miblaciye oat ito di ded eee ord; oigiz yet 

Dole ea diftince rizcedary 
for ſeeing the knife-diftihtly; the bars of the window, which 
s at a greater diſtance than che knife, are ſurrounded with a 


penumbra, and the colour of this penumbra is blue, which is 


the prevailing colour of the moſt -tefrangible rays. The fame 
appearances will be obſerved in all caſes where the confine of 
a dark and luminous object is carefully examined, and will be 
ſo much the more conſpicuous by how much che contraſt of 
light and darkneſs is ſtronger. It requires, however, 1a ca- 
pacity of viewing with attention an object to which the eye is 
not conformed, which muſt be acquired by habit. The fol- 


ong eye, obſerve with the other the mmm, 


I - ralle} 


* Philoſophical Tranſactions of London, Vol, lxxix. p. 256, 


lowing eaſy experiment may be tried by any one. | Shutting 
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rallel lines which denote four o'clock in the enamelled dial-plate 
of a watch, and make the watch approach the eye very ſlowly. 
So long as the eye can conform itſelf to the diſtance, the black 
lines will appear diſtinct and of their proper colours. But when 
the watch, continuing to approach, is brought too near for the 
eye, by any effort, to ſee the lines diſtinctly, the coloured 
fringes will begin to make their appearance, and the ſpreading 
of the leſs refrangible rays into the black ſtrokes, and the more 
refrangible rays into the white intervals, will make them appear 
to change their colours from black and en to N and 
blue. 
Ix any doubt ſhould remain concerning the . n 
produced by the refraction of the humours of the eye, let the 
obſerver look at a bar of the window, where it is oppoſed to 
the ſky, and holding his hand parallel with the bar, bring it 
ſlowly over his eye, he will obſerve, juſt before the bar diſ- 
appears, one ſide of it edged with red inclining to orange, and 
the other with blue, and thefe colours in as great quantity as 
would be produced by a priſm of a pretty conſiderable refract- 
ing angle. The application of theſe obſervations to What was 
before ſaid of the fringes of colour produced by ſimple and 
compound lenfes, is obvious. If the aberration from difference 
of refrangibility were perfectly corrected, - no | colour whatever 
would appear, either in the penumbras, or on covering part of 
the pupil. Had this been effected, it is probable that the vi- 
treous humour would be found ſufficiently diſperſive to correct 
the colour produced by the aqueous and cryſtalline humours, 
and that the ratio in which it ſeparated the rays which form the 
coloured ſpectrum, would be the ſame as in them. Such a 
colourleſs refraction might then be produced as has been found 
to ariſe from a combination of -crown-glaſs with a fluid me- 
dium, containing a due en Amn e eee 
particles of marine acĩ dt. . en. 
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I che coloured penumbras, inſtead of being red when the 


eye is conformed to a greater diſtance than that of the object 
obſerved, and blue when conformed to a leſs diftance, had been 
purple in the former caſe, and green in the latter, it would be 
reaſonable to conclude, that the vitreous humour was a diſper- 
ſive medium of the ſame kind with eſſential oils, and ſuch as 


owe this eee e 0 with IG na ns im 


. flag edreypmarcd a e 
when the eye is conformed to too ſmall a diſtance for ſeeing it 
diſtinctly, and with a green fringe under the contrary circum- 


humour, ſimilar to that of the muriatic acid 
Iv ſome animals, and particularly in birds of prey, the 
images of objects on the retina are required to be more perfect 


than in the human eye. It would be an object of ſome mo- 


ment in comparative phyſiology, to determine whether there be 
any partial or total correction of aberration from the difference 
of refrangibility in the eyes of theſe animals, which, if found 
neceſlary; will without doubt be the caſe. In ſome experiments 
which I once attempted with the vitreous humour, I found ir- 
regularities ariſe in the refraction, from giving it a figure diffe- 


rent from its natural one. Poſſibly fach difficulties might be 


Mena ear e eee 
known optical properties. 


Tux aberration from . cor - 
rected in the eye, is one cauſe why viſion through a good tele - 


ſcope is more perfect, independent of magnifying power, than 


naked viſion when moſt perfect; a fact which muſt appear ſo 
extraordinary, that it can ſcarcely be expected to be credited, 


except Wann n | 


rience. l 2.89. 
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ſtances, this would indicate a diſperſive power in the vitreous 
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is not a perfect union of the rays at the focus of the object. glaſe, 
but at the retina. This is to be effected by ſo diſpoſing the rays 
at their emergence from the eye-glaſs, that the humours of the 
eye ſhall accurately converge each of the pencils to one point of 
the retina. If we conceive a point of the retina to become a 
radiant point whence the rays iſſue,” the rays of different. co- 
lours, at their emergence from the cornea, will be inclined to 
each other in a certain degree, on account of their unequal re- 
frangibility, and will continue to diverge, till they arrive, we 
ſhall ſuppoſe, at the eye-glaſs. Now, this is exactly the ſtate in 
which rays emerging from the eye - glaſs, and tending towards 
the eye, ought to be, in order to inſure their perfect union at 
that point of the e eee nee bal e e pre ys 
were ſuppoſed to radiate. 
ANOTHER cauſe which DENG in ae of ande viſion, 
is the ſmallneſs of the pencil where it enters the eye. When 
the diameter of the pencil is equal to that of the pupil, the 
rays, in paſſing the edge of the iris, are inflected, that is to 
fay, they are made to deviate from their rectilineal courſe, ſome 
of them being bent towards the iris, and others from it, and 
thus throw a ſcattered light round the image on the retina. 
The radiation of the bright fixed ſtars proceeds partly from 
this cauſe. This ſource of indiſtinctneſs is totally removed in 
a teleſcope, where the diameter of the pencil, at its entrance 
into the eye, is ſo much leſs than the pupil that none of the 
rays paſs near enough che iris to ſuffer any inflection. The 
ſize of the pencil muſt not, however, be diminiſhed too far; 
for if this is done beyond à certain degree, reg) eee 
e as Was teme e by Aj eme 
irt nei dae on 118 
ISAuATLL now ee e and preſent in-one view, the con 
tents and ſcope of this diſcourſe. _ cn. 
Tre unequal. refrangibility of nahe un diſcovered und fully 
explained by Sir Is AAS nn ſo far ſtands its ground un- 
5 en 
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260 Tut diſcovery of OM has been' called a different diſperſive 
power in different refractive mediums, proves thoſe theorems of 
Sir Is AAc NewToON not to be univerſal, in which he concludes 


_ rence of refraction between the red and violet rays, in propor- 
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controverted, that when the refraction is made in the confine 


of any medium whatever, and a vacuum, the rays of different 


colours are unequally refracted, the red-making rays being the 


-e ad wo hmm gif rays the _—_ refran- 
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that the difference of refraction of the moſt and leaſt refrangi- 
ble rays, is always in a given proportion to the refraction of the 
mean refrangible ray. There can be no doubt that this poſi- 
tion is true with reſpect to the mediums on which be made his 


experiments; but there are many exceptions to it. 
Fon the experiments of Mr Dorronp prove, that the diffe- 
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quality of diſperſing the rays in a greater degree than crowẽn- 
glaſs, is not confined to a fe mediums, but is poſſeſſed by a 
great variety of flaids, and by ſome of theſe in a moſt extraor- 


dinary degree. Solutions of metals, eſſential oils, and mineral 
ann rghicnipane b n I 
in this ref] 
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ferent diſperſive powers, which have not been fufficiently at- 
tendedt to, are then explained. Although the greater refrangi- 
bility of the violet rays than of the red rays, when light paſſes 
from any medium whatever into a vacuum, may be conſidered 
as a law of nature; yet in the paſſage of light from one medi- 
um into another, it depends entirely on che qualities of the 
mediums, which of theſe rays ſhall be the moſt refrangible, or 


whether there ſhall be any difference in their refrangibility” 
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Tux application of the demonſtrations of Huoꝝxrus to the 
correction of the aberration from the ſpherical figures of lenſes, 
whether ſolid or fluid, is then taken notice of, as being * next 
ſtep towards perfecting the theory of teleſcope. 

NExT it appears from trials made with objeQ-glaſſes of very 
large apertures, in which both aberrations are corrected as far 
as the principles will admit, that the correction of colour which 
is obtained by the common combination of two mediums 
which differ in diſperſive power, is not complete. The homo- 
geneal green rays emerge moſt refracted, next to theſe the uni- 
ted blue and yellow, then the indigo and orange united, and 
laſtly the united violet and red, which are leaſt refractet. 
Ix this production of colour were conſtant, and the length of 
the ſecondary ſpectrum were the ſame in all combinations of 
mediums when the whole refraction of the pencil is equal, the 
perfect correction of the aberration from difference of refrangi- 
bility would be impoſſible, and would remain an inſurmount- 
able obſtacle to the improvement of dioptrical inſtruments. 

Tux object of the next experiments is, therefore, to ſearch, 
whether nature affords mediums which differ in the degree in 
which they diſperſe the rays compoſing the priſmatic ſpectrum, 
and at the ſame time ſeparate the ſeveral orders of rays in the 
ſame proportion. For if ſuch could be found, the above men- 
tioned ſecondary ſpectrum would vaniſh; and the aberration 
from difference of refrangibility might be removed. The re- 
ſult of this inveſtigation was unſucceſsful with reſpect to its 
principal object. In every combination that was tried, the 
ſame kind of uncorrected colour was obſerved, and it was 
thence concluded, that there was no n method of remo- 
ving the aberration. 

Bor it appeared in the tink of the experiments, tus the 
breadth of the ſecondary ſpectrum was leſs in ſome combina- 
tions than in others, and thence an indirect way opened, lead- 
ing to the correction ſought after; namely, by forming a com- 
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pound concave lens of the materials which produce moſt colour, 
and combining it with a compound convex lens formed of the 
materials which produce leaſt colour; and it was obſerved in 
what manner. this might be effected by means of three mediums, 


though apparently four are required. 


Ix ſearching for mediums beſt adapted for the above purpoſe, 


A very ſingular and important quality was detected in the mu- 
riatic acid. In all the diſperſive mediums hitherto examined, 


the green rays, which are the mean refrangible in crown-glaſs, 
were found among the leſs refrangible, and thence occaſion the 


uncorrected colour which has been deſcribed. . In the muriatic 
acid, on the contrary, theſe ſame rays make a part of the more 
refrangible ; and in conſequence of this, the order of the co- 
lours in the ſecondary ſpectrum, formed by a combination of 


crown - glaſs with this fluid, is inverted, the homogeneal green 
being now the leaſt refrangible, and the united red and wwe 
the moſt refrangible. 

Tuts remarkable quality found in the marine acid led to 


complete ſucceſs in removing the great defect of optical inſtru- 
ments, that diſſipation or aberration of the rays, ariſing from 


their unequal refrangibility, which has rendered it impoſſible 
hitherto to converge all of them to one point, either by ſingle 
or oppolite refractions. A fluid in which the particles of ma- 


_ Tine acid and metalline particles hold a due proportion, at the 


ſame time that it ſeparates the extreme rays of the ſpectrum much 


more than crown-glaſs, refracts all the orders of rays exactly in 
the ſame proportion as the glaſs does ; and hence rays of all co- 
lours, made to diverge by the refraction of the glaſs, may ei- 


ther be rendered parallel by a ſubſequent refraction made in the 
confine of the glaſs and this fluid, or by weakening the refrac- 


tive denfity of the fluid, the refraction which takes place in 


the confine of it and glaſs, may be rendered as regular as re- 
flection, while the errors ariſing from unavoidable imperfec- 
nons of workmanſhip, are far leſs. hurtful than in reflection, 
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and the quantity of light tranſmitted by equal aperrures of the 
teleſcopes much greater. 

Sve are the advantages which the ay ovalines:: 0 re- 
ducing this theory to practice, difficulties muſt be expected in 
the firſt attempts. Many of theſe it was neceſſary to ſurmount 
before the experiments could be completed: For the delicacy of 
the obſervations is ſuch, as to require a conſiderable” degree of 
perfection in the execution of the objeQ-glaſles; in order to ad- 
mit of the phenomena being rendered more apparent by means 
of high magnifying powers, Great pains ſeem to have been 
taken by mathematicians to little purpoſe in calculating the ra- 
dit of the ſpheres requiſite for achromatic teleſcopes, from 
their not conſidering that the object - glaſs itſelf is a much nicer 
teſt of the optical properties of refracting mediums than the 
groſs experiments made by priſms, and that the reſults of their 
demonſtrations cannot exceed the accuracy a the an however 
much they may fall ſhort of i It. 


I SHALL conclude this paper, which has now e ed 
ed its intended bounds, by enumerating the ſeveral caſes of 
unequal refrangibiliry of light, chat cheir varieties may at once 
be clearly apprehended. By, 

Ix the refraction which takes le 4 in thi-vinkas of Rey 
1 medium and a vacuum, rays of different colours are 
unequally refrangible, and the red-making rays are leaſt re- 
frangible, and the violet - making rays are moſt refrangible. 

Tuts difference of refrangibility of the red and violet rays 
is not the ſame in all mediums. Thoſe medium in which the 
differerice is greateſt, and which, by conſequence,” ſeparate or 
diſperſe the rays of different colours moſt, have been diſtin- 
guiſhed by the term diſperſive, and thoſe mediums which ſepa- 
rate the rays leaſt have been called indiſperfive. Diſperſive me- 
diums differ from indiſperſive, and ſtill more from each 
in another very eſſential circumſtan ce. —_ 
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_ - Ir appears from the experiments which have bien made on 
indiſperſive mediums, that the mean refrangible light i is $ always 
the ſame, and of a green colour. 

Now, in by far the largeſt claſs. of diſperſive mediums, in- 
cluding flint - glaſs, metallic ſolutions, eſſential oils, the green 
light is not the mean refrangible order, but forms one of the 
leſs refrangible orders of light, being found in the priſmatic 
ſpectrum nearer to the deep red than the extreme violet. 

Ix another claſs of diſperſive mediums, which includes the 
muriatic and nitrous acids, this ſame green light becomes one 
of. the more refrangible orders, being now On er to =o 
extreme violet than the deep red, 

Tus are the varieties in the refrangibility of light, when 
the. refraction takes place in the confine of a vacuum; and the 
phenomena will ſcarce differ ſeghbly 1 in e menen in the 
confine: of denſe mediums and air. IS 

Bor when light paſſes from one denſe meta into another, 
the caſes of une qual refrangibility are more complicated:  _ -. 
Ix refractions made in the confine of mediums which differ 
only in ſtrength; not in quality, as in the confine/of water and 
crown-glafs, or in the confine! of the different kinds of diſper · 
five fluids more or leſs diluted, the difference of refrangibility 
will be the ſame as above ſtated in the confine of denſe medi- 
ums and air, only the whole refraQtion will be leſs. _ 

Ix the confine of an indiſperſive medium, and a rarer me- 
dium belonging to either claſs of the diſperfive, the red and 
violet rays may be rendered equally refrangible. If the diſ- 
perſive power of the rare medium be then increaſed, the violet 
rays will become the leaſt refrangible, and the red rays the moſt 
refrangible. If the mean refractive denſity of the two medi- 
ums be rendered equal, the red and violet rays will be refract- 
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Tus ic happens to the red and violet rays, whichſoever 
| daz of diſperſive mediums be employed. But the refrangibi- 
lity of the intermediate orders of rays, and eſpecially of the 
| green rays, will be * when the an, of” it medi- 
ums is changed. 

Tus in the rſt caſe, W * * A 1 ious are ren- 
devel equally refrangible, the green rays will emerge moſt re- 
frangible, if the firſt claſs of diſperſive mediums: is uſed, and 
leaſt refrangible if the ſecond claſs is uſed. And in the other 
two caſes, where the violet become leaſt refrangible, and the 
red moſt refrangible, and where theſe two kinds of rays are re- 
fracted in oppoſite directions, the green rays will join the red, 
if the firſt claſs. of diſperſive mediums be employed, and will 
arrange ſes with the Comal on Sram ies; ** made 
ule ... 

ONLx one caſe more of 1 refrangibility as. to be 
ſtated ; and that is, when light is refracted in the confine. of 
mediums belonging to the two different claſſes of diſperſive 
fluids. In its tranfition, for example, from an eſſential oil, or 
a metallic ſolution, into the muriatic acid, the refractive denſity 
of theſe fluids may be ſo adjuſted, that the red and violet rays 
ſhall fuffer no refraction in paſſing from the one into the other, 
how oblique ſoever their incidence be. But the green rays will 
then ſuffer a conſiderable refraction, and this refraction will be 
from the perpendicular, when light paſſes from the muriatic 
acid into the eſſential oil, and towards the perpendicular, when 
it paſſes from the eſſential oil into the muriatic acid. The other 
orders of rays will ſuffer ſimilar refractions, which will be 
greateſt in thoſe adjoining the green, and will diminiſh as they 
approach the deep red on the one hand, and the rg 
on the other, where the refraction ceaſes entirely. 

Tux manner of the production of theſe effects, bn cha at- 
traction of the ſeveral mediums, may be thus — f 
Ni! F 
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© Ws ſhall ſuppoſe the attractive forces, which produce the re- 
fractions of the red, green and violet light, to be repreſented 
by the numbers eight, twelve and fixteen, in glaſs ; fix, nine, 
_ fourteen, in the metallic ſolution ; fix, eleven, fourteen, in the 
muriatic acid; and fix, ten, fourteen, in a mixture of theſe two 
' fluids. © The exceſs of attraction of glaſs for the red and violet 
light is equal to two, whichſoever of the three fluids be em- 
ployed. The refraction of theſe two orders of rays will therefore 
be the ſame in all the three caſes. But the exceſs of attraction 
for the green light is equal to three, when the metallic ſolution 
is uſed, and therefore the green light will be more refracted 
than the red and violet, in this caſe. When the muriatic acid 
is uſed, che exceſs of attraction of glaſs for che green light is 
only one, and therefore the green light will now be leſs refract- 
ed than the red and violet. We ſhall next ſuppoſe the metallic 
ſolution and the acid to adjoin each other. The attractions of 
both theſe mediums, for the red light being ſix, and for the 
violet light fourteen, theſe two orders of rays will ſuffer no 
refraction in the confine of the two fluids, the inns, of 
their attractions being equal to nothing. | 

Bur the attractive force of the metallic W for Rag 8 
ray being only nine, and that of the muriatic acid for the ſame 
ray being eleven, the green light will be attracted towards the 
muriatic acid with the force two; and therefore the difference 
between the refraction of the green light and the unrefracted 
red and violet light which takes place in the confine of theſe 
fluids, will greatly exceed the difference of refraction of the 
green light, and equally refracted red and violet light, which is 

produced in the confine of glaſs and either of the fluids. 
LASTLY, in a mixture of the two kinds of fluids, the attrac- 
tion for the red, green and violet rays, being fix, ten and four- - 
teen, and that of the glaſs, eight, twelve and fixteen, the exceſs 
of the attraction of the glaſs for the green rays, is the ſame 
which 
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which it is for the rod and violet rays. Theſe three tid of 
rays will therefore ſuffer an equal refraction, being each of 
them attracted towards the glaſs with the force two; and when 
this is the caſe, it appears from the obſervations, that the inde- 
finite variety of rays of intermediate colours and ſhades of co- 
lours, which altogether compoſe ſolar light, will alſo be regu - 
larly bent from their rectilinear courſe, daa what. hag 
been termed aplanatic refraction. | 

THress caſes of attraction might be farther illuſtrated by 
means of diagrams. But after the explanation already. given 
of the ſecond, third, fourth, fifth, fixth, ſeventh and eighth fi- 
gures, this would be unneceſſary. And it need ſcarcely here be 
obſerved, that the above rough ſtatements in round numbers, 
are intended to give a clear idea of the nature of the various 
_ caſes of unequal refrangibility, and not to aſcertain its quantity 
in any particular caſe. A full inveſtigation of the ſubject, and 
an account of ſome digreſſions leſs immediately connected 
with the principal object which occurred in the courſe of the, 
enquiry, could not be brought within the n ot the ns 
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